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REMOVING PARTICLES OF METAL FROM A WOUND BY MEANS OF A GREAT ELECTRO-MAGNET.—[See page 168.] 
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The Relation of the Horse-Power to the Kilowatt’ 


Reasons for the Adoption of an Absolute and Invariable Standard of Power 


Tue value of the “horse-power’’ may be expressed 
either in gravitational or in absolute units of power. 
Confusion often results when one equivalent is reduced 
to the other, since the gravitational units depend on the 
force of gravity, which varies from place to place, and 
the absolute units do not. Thus, the usual gravita- 
tional value for the English horse-power, 550 foot-pounds 
per second, when reduced to watts gives a different num- 
ber according to the value of the acceleration of gravity 
employed in the conversion, and hence we find different 
values in various reference books, of which the following 


may be cited: Geis 
Kent's Mechanical Engineers’ Pocketbook (1903), page 1031 eos 706 
Supplee's Mechanical Engineer's Reference Book (1904), page 801 . 746 
Standard Handbook for Electrical Engineers (1908), page 20, and (1910), 
page 21 : 745.6 
Foster's Electrical Engineer's Pocketbook (1908) 
Page 3 . 746 
Page 12 745. 650 
Trautwine's Civil Engineers’ Pocketbook (1909), page 244 - 745-956 
American Civil Engineers’ Pocketbook (1911) 
Page 1197 746 
Page 745-7 
Hering's Conversion Tables (1904), page 81 745. 650 


Such confusion has arisen because there has been no 
accepted authoritative definition of the horse-power. 
When the horse-power is taken as a specified number of 
watts, it represents the same amount of power at all 
places. But when the horse-power is taken as a specified 
number of foot-pounds per second, the amount of power 
represented by it varies for different places. This is 
evident, since the weight of a “pound,” as a unit of force, 
varies in value as g, the acceleration of gravity, varies. 
Thus, since g is greater for northern latitudes than for 
southern, the foree represented by a definite number 
of pounds increases as one goes north. This makes this 
mode of definition of the horse-power very unsatisfactory. 
It is similar to a proposal once made to define the meter 
as the length of the seconds pendulum. No one would 
now consider seriously a unit of length which varies at 
different parts of the world. Nevertheless, units of 
force having precisely that characteristic are in common 
use at the present time. The gravitational system of 
units centers about the gravitational unit of force, and 
it is accordingly impossible to understand the subject 
without careful consideration of the pound and other 
gravitational units of force. For the attainment of 
precise numerical relations, the value of g must also be 
carefully considered, and authoritative data on this 
will be given below. 

THE POUND AS A UNIT OF FORCE. 

The pound and the kilogramme are primarily units of 
mass. It is convenient to use the force of gravity upon 
masses to measure forces, so that units of the same names 
are used for force (or weight) as for mass. The inherence 
of the acceleration of gravity in these units of force is 
often forgotten and is the cause of some confusion. The 
pound as a unit of force has generally been used as a 
“gravitational” unit, the characteristic. of the gravita- 
tional units being that their magnitudes vary with lo- 
cality as g varies. Thus, a pound force is equal to the 
force of gravity on a pound mass at any place where 
measurements happen to be made. The one advantage 
of the gravitational system is that a given mass exerts 
the same number of pounds of force no matter what its 
location. But by this mode of definition the magnitude 
of the pound force is not constant, as it varies with g. 
A few writers, on the other hand, have defined the pound 
force as a fixed unit, taking it as equal to the force of 
gravity on a pound mass at some one particular place— 
e. g., Paris, or 45 degrees latitude and sea level—thus 
destroying the gravitational character of the unit. 

The unit of force can be made definite and fixed, how- 
ever, without abolishing the gravitational system. This 
is done by recognizing the difference between the abso- 
lute and the gravitational pound by the use of the terms 
“standard” and “local,” respectively. The principle 
involved is that contained in the definition of ‘‘standard 
weight” by the International Conference on Weights 
and Measuresin 1901. The statement! by the conference 
is given herewith: 

“The term weight designates a quantity of the same 
nature as a force; the weight of a body is the product 
of the mass of that body, by the acceleration of gravity; 
in particular, the standard weight of a body is the pro- 
duct of the mass of that body by the standard accelera- 
tion of gravity. 

“The number adopted in the International Service 
of Weights and Measures for the value of the standard 
acceleration of gravity is 980.665 cubic centimeters per 
second.” 

By analogy with “standard weight,” the “standard 


*Circular No. 34 of the U. 8. Bureau of Standards, Washington. 


1Procés-Verbauz des Séances, Comité International des Poids 
et Mesures, p. 172; 1901, 


pound force’? may be defined as equal to the force of 
gravity on a pound mass at a place where g has the 
standard value, 980.665 cubie centimeters per second 
per second or 32.1740 feet per second per second. Like- 
wise the “‘local pound force”’ in any given locality may be 
defined as equal to the force of gravity on a pound mass 
in that given locality. Similar definitions apply to the 
terms “standard kilogramme force” and “‘local kilo- 
gramme force.” In specifying a force in local units, it 
is desirable to give the location of the place by such ex- 
pressions, e. g., as “London pounds,” “‘New York kilo- 
grammes,” “local kilogrammes (g=981.26),” ete. This 
application of the terms “standard” and “‘local” to the 
common units of foree was proposed by Prof. E. V. 
Huntington, of Harvard University, and is followed in 
this circular. 

The words “pound” and ‘“‘kilogramme” used alone as 
units of force are ambiguous. When so used, the local 
unit must usually be understood. This has been the 
usual sense of the terms as used in the past. Such an 
interpretation is clearly implied in the analogous state- 
ment on “‘weight’’ by the international conference above. 
Writers careful enough to use standard pounds or kilo- 
grammes may be expected to use the word “standard” 
explicitly, while those who use “pound” without think- 
ing how it is defined will naturally employ the local unit. 

The terms here given are readily extended to derived 
units, based upon the units of force. Thus, definitions 
follow at once for “standard foot-pourid,” “local foot- 
pound,” “standard kilogramme-meter,” etc. 

THE VALUE OF THE ACCELERATION OF GRAVITY. 

The standard value of g, 980.665 cubic centimeters per 
second per second, was originally intended to represent 
the latitude of 45 degrees and sea level. It has been 
widely used as a standard value for barometric reduc- 
tions, ete., since 1901, and there is no reason why it 
should not continue in use as a standard value, although 
the accepted theoretical value for 45 degrees and sea 
level is now a few parts in 100,000 different. The exact 
value obtained for 45 degrees and sea level varies with 
the gravity observations utilized, and also with the theory 
adopted for the “anomalies,” or departures of the ob- 
served values of gravity for any particular stations from 
the values calculated by a general formula. It is gener- 
ally conceded to be better to retain a certain value as 
standard rather than to correct it from time to time to 
make it agree with a theoretical location. The value, 
980.665, is the result of a calculation made by the In- 
ternational Committee on Weights and Measures* from 
Defforges’ absolute determination® of g at the Interna- 
tional Bureau in 1888. 

In calculating the equivalent of the horse-power in 
various units for different latitudes the following formula 
is used: 

g=978.038 (1+0.005 302 sin? ¢—0.000 007 sin* 2¢), 
where ¢ is the latitude. This formula‘ is accepted by 
the United States Ceast and Geodetic Survey, and is 
the result of observations all over the United States with 
Hayford’s corrections for “isostatic compensation.” It 
is referred to the absolute determination of g at Potsdam 
about 1900. The theoretical values given by this for- 
mula will not in general agree exactly with the actual 
values at any particular place, because of the local 
“anomalies” caused by topography, ete. The depar- 
tures are in general only a few parts in 100,000. As this 
formula does not give g=980.665 for ¢=45 degrees, the 
point is once more emphasized that 980.665 is an in- 
dependent standard value, not precisely related to a 
fixed locality. 

PRACTICAL NEED FOR AN INVARIABLE UNIT OF POWER. 

Power is very commonly measured with considerable 
precision, and hence it is important that the magnitude 
of the unit should not vary from place to place. From 
the standpoint of metrology the definition of any unit 
should be rigorous and free from ambiguity. The neces- 
sity for a precise definition exists at the present time in 
engineering practice. When extensive research is being 
made upon steam turbines, when tests are made care- 
fully arid results are interpreted minutely, there should 
be no uncertainty in the units used. 

A precise definition is desirable even in the commerce 
of to-day. Misunderstandings might arise over the 
acceptance or rejection of an engine under test because 
of the definition of the unit of power. If the power 
delivered by the engine is measured by the use of a brake 
with weights, the number of foot-pounds per second 
observed would be greater, for example, at New Orleans 


2 Procés-Verbaux des Séances, p. 165; 1901. 

* Ibid., p. 181, 1891; M6morial du Dép6t Général de la Guerre, 
15, (1), 1894. 

4 Special Publication No. 12, U. 8. Coast and Geodetic Survey, 
p. 10, 1912, 


than at New York, since the force exerted by the weight 
is different for different latitudes and altitudes. Co, 
sequently, if the horse-power is defined as a defini, 
number of foot-pounds per second, the same at all places 
it is possible that the engine might be accepted if the 
test were made at New Orleans and rejected if the teg 
were made at New York. These remarks also apply 
to the case of testing an engine when the force is measured 
by a dynamometer or an indicator, as well as when meas. 
ured directly by weights. If the springs were all stap. 
dardized at the same place, then the variation of the 
force of gravity would not enter the problem. Hoy. 
ever, the elasticity of springs varies with temperature, 
ete., and hence in the making of an accurate test the 
spring is calibrated by weights at the time and plac 
of the test. Consequently, in any case the variatio, 
of the force of gravity with locality must be considered 
in interpreting the results of a test. The differencg 
here discussed are less than 1 per cent, and greate 
errors than this would be introduced in any practica) 
ease by variation in the lubrication, in the measur¢ ment 
of power, and in the quality of steam. Nevertheless 
the mean of a series of tests would be taken as the 
performance of an engine, and if this figure were just 
on the margin of tolerance an uncertain definition «f the 
horse-power might cause misunderstandings. No such 
confusion is possible if the horse-power is defined in such 
@ way as to always represent thesame amount of power, 

On account of the variation with g, and becaus:: the 
equivalents of the horse-power are not decimal mul|iples 
of any of the fundamental units, and, further, because 
its definition and value are different on the Continent 
of Europe from its definition and value in England and 
America, it has long been felt that the horse-power is an 
unsuitable unit for many purposes. Modern enginecring 
practice is constantly tending away from the horse 
power and toward the*watt and kilowatt. In Germany 
it has been proposed to call the kilowatt “Neupferd” 

(new horse-power), to make its use appeal more strongly 
to those who have become firmly attached to the horse- 
power. The objection to the horse-power has been 
particularly strong in electrical engineering. The In- 
ternational Congress of Electricians at Paris in 1889 
recommended that the power of machines be expressed 
in kilowatts instead of in horse-power. A more definite 
and powerful action with a view to the elimination of 
the horse-power was taken by the International Electro- 
technical Commission at Turin, Italy, in 1911. This 
body, composed of the representatives of great electrical 
interests all over the world, recommended that in all 
countries electrical machinery, including motors, be 
rated in kilowatts only. 
HISTORICAL. 

The term “horse-power” as a measure of the activity 
of machinery was introduced’ by Thomas Savery, the 
inventor of an early type of steam engine. The earliest 
application of the steam engine was in the pumping of 
water from mines, work which had formerly been done 
by horses. Savery in his Miners’ Friend, page 29, in the 
year 1702, says that an engine which will raise as much 
water as 2 horses working continuously in a given number 
of hours will do the work or labor of about 10 horses, 
since relays of horses must be used to keep the work 
going continuously; such an engine then, he called a 
10-horse-power engine. 

James Watt, who is generally known as the inventor 
of the modern steam engine, adopted® the term “‘horse- 
power”’ as a unit for expressing the power of his steam 
engine and defined its value in gravitational units, viz., 
foot-pounds per minute. The magnitude of Wait’s 
horse-power was, however, six or eight times as great 
as Savery’s. The value’ was derived from experiments 
made under the direction of Watt and Boulton, his 
business partner, about the year 1775. 

Some heavy horses of Barclay & Perkins’s brewery, 
London, were caused to raise a weight from the bottom 
of a deep well by pulling horizontally on a rope passing 
over a pulley. It was'found that a horse could raise a 
weight of 100 pounds while walking at the rate of 2.5 
miles per hour. This is equivalent to 22,000 foot- 
pounds per minute. Watt added 50 per cent to this 
value, giving 33,000 foot-pounds per minute, or 550 
foot-pounds per second. The addition of 50 per evnt 


*“The Life of James Watt,” by J. P. Muirhead (London, 1853), 
p. 153. 


a" Robinson, Mechanical Philosophy, Vol. II (Edinburgh, 


‘I, P. Church, Statics and Dynamics (New York, 1886), p. 136. 
Encyclopedia Britannica, 4th edition, article on ‘Steam and steam 
engines,” written by John Robinson, with footnotes by James 
Watt, Jr. T. W. Wright, Elements of Mechanics (New York, 


1896). p. 251, 
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TABLE 1 
Various Values Adopted For The Horsepower 


[Peot-Pounds Given im Terms of the Local Fost and Pound) 


Foot- English | Kilogram- 

pounds horse- | meters 

- 
and United States......./..... 550. 1.0000 76.041 v 
500. 0. 9863 75.000 A 
600. 0.9856 74.943 N 
Rosie... 550. 1.0000, 76.041 N 
480. 0. 9906 75.325 
530. 0 9869 75.045 
500. 0. 9863 75.000 H 
460. 0 9888 75.190 K 
Modern 


was an allowance made for friction, so that a purchaser 
of one of his engines might have no ground for complaint. 
The figure thus arrived at by Watt is admitted to be 
in excess of the power of an average horse for continuous 
york, and is probably at least twice the power of the 
average horse working six hours per day. 

Since the time of Watt his value has been in general 
yse in England and the United States, and 550 foot- 
pounds per second is known as the English horse-power. 
As the use of the steam engine spread from England 
into ot!er countries the value of the horse-power was 
transla‘ed into the units of the various countries; that 
is, sinc’ the foot and pound had different values in the 
differe:'t countries, the number of foot-pounds in a 
horse-p wer necessarily varied. These values were given 
to the nearest round number, and hence the equivalence 
to the English horse-power was only approximate, the 
value averaging about 1 per cent smaller. Hence arose 
the discrepancies shown in Table I. 

After the metric system had come into use in France, 
Germany and Austria. the values of the horse-power in 
the various countries were reduced to kilogramme-meters 
pr se ond, with the results shown in the table. The 
values range from 75 to 76 kilogramme-meters per second, 
averaging only a little more than 75. Hence, this round 
value, 75, has been adopted generally on the Continent 
as the value of the horse-power. 

The English value, 550 foot-pounds per second, is, 
however, equivalent to 76.041 kilogramme-meters per 
second, and hence it is that there is a difference of nearly 
15 per cent between the value generally used in English 
and American practice and that used in continental 
practice. Reduced to watts, the English horse-power 
is generally taken as 746 watts, although the precise 
equivalent, in watts, of 550 foot-pounds per second de- 
pends on the acceleration of gravity, and hence on the 
latitude and altitude. This is discussed fully below. 

It is unfortunate that the value of the horse-power 
on the Continent of Europe was not taken as 76 kilo- 
gramme-meters per second instead of 75, in order that 
it might agree with the English value, as was originally 
intended. It is perhaps unlikely that a change to 76 
could now be made, or that an agreement could be 
rached by which the continental and the English horse- 
power would correspond to the same number of watts. 
It is to some extent customary for continental writers 
to distinguish the two horse-powers by the words 
“English” and “metric.” We shall call the latter the 
“eontinental horse-power.”” Thus, German writers speak 
of the “Englische Pferdestirke” and the “metrische 
Pferdestirke.” The term ‘“Pferdestirke’” is now the 
preferred name for the horse-power in Germany, the 
old term “‘Pferdekraft” being unsuitable because ‘‘Kraft”’ 
means “foree.” Similarly, in France, the old term 
“foree-de-cheval’”’ has been given up for “‘cheval-vapeur.” 
There is another unit of power which has been used in 
Europe, the ‘“‘poncelet,”” or 100 kilogramme-meters per 
xeond. This unit was named in honor of Jean Victor 
Poneelet, who introduced the teaching of kinematics 
at the Sorbonne in 1838. This unit was adopted in 
France shortly before 1846, according to C. F. Peschel.° 
Itwas adopted as a unit of power in 1889 by the “Congrés 
international de méchanique appliquée.” Its use is 
till permitted in the electrical regulations issued by the 
“Association alsacienne des Propriétaires d’Appireils 
a Vapeur.” It has not, however, been much used in 
practice.!° This is probably due in part to the fact that 
the horse-power had so firm a hold as the unit of power, 
ad in part to the very near equivalence of the poncelet 
to the kilowatt. The poncelet is open to the same ob- 
jetion as the horse-power when the latter is rigidly 
defined as a certain number of foot-pounds or kilo- 
gramnie-meters per second, viz., that the power it re- 
presents varies from place to place. 

SY = various. H = Des Ingenieurs Taschenbuch-Hiitte II 
(Berlin, 1902). A=F. Autenheimer, Mechanische Arbeit 
(Stuttzart, 1871), p. 15. N=J. W. Nystrom, Elements of 
Mechanics (Philadelphia, 1875), p. 63. K= Karmarsch und 
Heeren’s Technisches Worterbuch VI (1883), p. 637; and 
Alexander’s Weights and Measures (Baltimore, 1850). 
*Pesche 's Elements of Physics, Vol. II, p. 250 (London, 1846). 
“Qlot Linders, Physikalischen Grossen. 


EQUIVALENTS OF THE ENGLISH AND AMERICAN HORSE- 
POWER. 

It is possible to define the horse-power in such a way 
that the value determined by James Watt will be con- 
tinued and yet the unit will represent the same rate at all 
places. The convenient and frequently used equivalent, 
746 watts, happens to be equal to the rate of work ex- 
pressed by 550 local foot-pounds per second at 50 degrees 
latitude and sea level, nearly the latitude of London, 
where Watt’s original experiments to determine the 
horse-power were made. The horse-power is therefore 
taken to be equal to the definite amount of power, 746 
watts, and in consequence the number of foot-pounds 
per second corresponding to 1 horse-power varies with 
the value of g. The number of standard" foot-pounds 
per second in a horse-power = 550.22. The same rate 
of work is expressed by a larger number of foot-pounds 
per second in lower latitudes and higher altitudes, where 
the force of gravity is less, and by a smaller number of 
foot-pounds per second in higher latitudes where the 
foree of gravity is greater. Table 2 gives the number 
of foot-pounds per second in a horse-power at various 
latitudes and altitudes. The value of g at sea level is 
obtained from the formula previously given. The 
change with altitude is calculated from the correction 
to the value of g, viz., —0.000192 per meter elevation. 
The number given in the table for 45 degrees and sea 
level is 550.24; the fact that it differs from the number 
of “standard” foot-pounds per second, above, empha- 
sizes again the fact that the standard value of g does not 
correspond quite exactly to 45 degrees and sea level. 


TABLE 2 


Value of the English and American Horsepower (746 Watts) in Local Foot-Pounds 
per Second at Various Latitudes and Altitudes * 


Latitude 
See sur | | | | 
02.03 390.57 349.85 | 


The foregoing table may be put in the following ap- 
proximate form for ease of remembering: 
TABLE 3 
English and American Horsepower (746 Watts) at Various Latitudes 


| Local toot 
Latitude 
(appren.) 
90", pole... 549 
50”, Londen... sso 
(29°, Washington) (530. 5) 
30°, New Orleans 
0", equator... 


The value of the English horse-power may also be 
given in metric units for various latitudes and altitudes, 
as follows: 

TABLE 4 


Value of the English and American Horsepower (746 Watts) in Local Kilogram- 
Meters per Second at Various Latitudes and Altitudes 


Latitude 
« 
(equater) (pate) 
76.275 76.175 76.074 ‘75.973 75. 873 
1500 meters (~ 3000 feet approximately) ......... 76.096 7S. 995 
(3000 meters (~ 10000 feet approximately) ....... 7% wo 76 O18 


By interpolation one can take out of these tables the 
proper value of the horse-power in gravitation measure 
(either foot-pounds or kilogramme-meters per second) 
for any latitude and altitude. 

EQUIVALENTS OF THE CONTINENTAL HORSE-POWER. 

The continental horse-power is generally given either 
as 75 kilogramme-meters per second or as 736 watts. 
These two equivalents are independent definitions and 
are likely to cause confusion unless one of them is as- 
signed to some definite place on the earth's surface. As 
pointed out in the preceding sections of this circular, 
the unit, to be definite, should represent the same rate 
of work at all places. The continental horse-power, 
then, should be taken as 736 watts, which is equivalent 
to 75 local kilogramme-meters per second at latitude 52 
degrees 30 minutes, or Berlin. The number of kilo- 
gramme-meters per second expressing this amount of 
power will be smaller than 75 at more northern latitudes 
and larger at lower latitudes. The values at various 
latitudes at sea level are given in Table 5: 


TABLE 5 
Continental Horsepower (736 Watts) in Local Kilogram-Meters per Second 

» 
(pete) 

7S. 153 mo 4955 


“As explained in Sec. II, the standard foot-pound is that 
corresponding to g=980.665. 


12 The values given in these tables supersede those given in the 
first edition of this circular, which were calculated from a slightly 
different value of g. The equivalent used in this circular for the 
horse-power also supersedes,that used in editions of this Bureau's 
“Tables of Equivalents” before 1913. 


CONCLUSIONS. 

It is considered desirable that the watt and kilowatt 
be used as the units of power, whenever possible, for all 
kinds of scientific, engineering, and other work. It is 
not unlikely that the unit of horse-power will ultimately 
go out of use. In the meantime, however, it is desirable 
that its definition be uniform. This circular has been 
written to point out that if the horse-power is to represent 
the same amount of power ai different places its relation 
to the watt must be a constant number, and the number 
of local foot-pounds or kilogramme-meters per second 
which it represents must vary from place to place. Table 
2 and others of this circular show clearly this variation 
with locality. 

It might be feared that some confusion could arise 
because of the independent definitions of the mechanical 
watt and the “international” electrical watt. The watt 
and kilowatt are defined primarily in purely mechanical 
terms, and not electrically at all. That they have been 
used mainly in electro-technical work is merely accidental 
and is due to the fact that they are metric units and so 
fit in naturally with the metric units in which all elec- 
trical quantities are universally expressed. Any kind 
of power may properly be measured in kilowatts. For 
example, in the case of the hydraulic power furnished by 
a flowing stream, the power is given in kilowatts by 
multiplying 0.163 into the product of the head in meters 
by the flow in cubic meters per minute; the power is 
likewise given in kilowatts by multiplying-0.000188 into 
the product of the head in feet by the flow in gallons per 
minute. The watt is defined directly in terms of the 
fundamental units of mass, length, and time, in the 
“‘meter-kilogramme-second” system, thus: ‘“‘The watt is 
the power developed by the action, with a velocity of 
1 meter per second, of a force capable of giving to a mass 
of 1 kilogramme in one second a velocity of 1 meter per 
second.” The “international watt,” however, is defined 
in terms of concrete electrical standards, which electrical 
standards represent practically, as nearly as the limita- 
tions of experiment allow, the absolute electrical quanti- 
ties in terms of their theoretical relations to length, mass, 
and time. The international watt thus defined is the 
closest concrete realization of the theoretical absolute 
or mechanical watt which we have. We can not at the 
present time say whether the international watt is greater 
or less than the absolute or mechanical watt, but the 
difference is probably not greater than a few parts in 
10,000. Consequently, there is in reality no confusion 
between the mechanical watt and the international 
electrical watt. 

It is recommended that engineering societies and other 
interests concerned recognize the value of the “English 
and American horse-power"’ as 746 watts (or 550 foot- 
pounds per second at 50 degrees latitude and sea level, 
approximately the latitude of London), employing Table 
2 to obtain the value in foot-pounds per second at other 
places. It is likewise recommended that the value of 
the “continental horse-power” be taken uniformly as 
736 watts (or 75 kilogramme-meters per second at 
latitude 52 degrees 30 minutes, the latitude of Berlin), 
and that the value in kilogramme-meters per second 
at other places be obtained from such a table as Table 5 
of this cireular. 

It is probably not generally known that these values 
were adopted by a committee of the British Association 
for the Advancement of Science in 1873. This was a 
committee which recommended the egs system, and on 
it were Sir W. Thomson, Carey Foster, Clerk Maxwell, 
J. D. Everett, and others (B. A. Report 1873, p. 222). 
The committee in its report said: “One horse-power is 
about three-fourths of an erg-ten per second. More 
nearly, it is 7.46 erg-nines per second; and one force-de- 
cheval is 7.36 erg-nines per second.” (One erg-nine = 
100 watts). 

The Standards Committee of the American Institute 
of Electrical Engineers adopted, on May 16th, 191 1, the 
following rule, which was inserted in the Standardization 
Rules of the Institute: 

“In view of the fact that a horse-power defined as 
550 foot-pounds per second represents a power which 
varies slightly with the latitude and altitude (from 743.3 
to 747.6 watts), and also in view of the fact that different 
authorities differ as to the precise value of the horse- 
power in watts, the standards committee has adopted 
746 watts as the value of the horse-power. The number 
of foot-pounds per second to be taken as 1 horse-power 
is, therefore, such a value at any given place as is equiva- 
lent to 746 watts; the number varies from 552 to 549 
foot-pounds per second, being 550 at 50 degrees latitude 
(London), and 550.5 at Washington. The Standards 
Committee, however, recommends that the kilowatt in- 
stead of the horse-power be used generally as the unit 
of power.” 

The same value, 746 watts, is used by the Bureau of 
Standards as the exact equivalent of the English and 
American horse-power. The Bureau recommends the 
use, whenever possible, of the kilowatt instead of the 
horse-power. 


ihe 
\ 
) foot- 
to this 
or 550 
r cent 
‘Sea le 
p. 136. 
i steam 
Jaraes 
York, 


164 


SCIENTIFIC AMERICAN SUPPLEMENT No, 2045 


March 13, 19) 


The Rural School and the Hookworm Disease’ 


The Greatest Medium for the Spread of the Infection and the Most Important Protective Agency 


In THE development of education in the United States, 
and particularly in the Southern States, where the 
preponderance of rural population has retarded com- 
munity control of sanitation, realization of the health 
basis of education has been slow. Education in the 
south has advanced rapidly since the Civil War, and more 
recently the rural schools have had their share in progress. 
Yet in this development the emphasis has persistently 
been on the school and the teacher, rather than on the 
children to be educated. Only recently have educators 
turned their attention to the physical condition of the 
average school child, and in the south they have done 
so largely because of the discovery of the enormously 
important part played by hookworm and allied diseases 
in educational progress or lack of progress. Hookworm 
disease is, in a sense, a special problem; but it is a special 
problem of such magnitude, affecting so large a section 
of our country, as to be a problem of grave national 
concern. 

Hookworm disease is one of the most prevalent, most 
insidiously harmful, and most completely preventable 
diseases known to man. It causes human suffering and 
economi¢ waste altogether out of proportion to its ap- 


children may by this time be a little pale and puny from 
the disease, but they start to school. 

The school may be in a progressive community; the 
house may be painted and furnished with patent desks, 
and perhaps it has secured a creditable library. Good 
heaters have been provided; the light comes from the 
rear and over the left shoulders of the pupils; perhaps 
there is a driven well to supply water, but there will be 
no bubbling drinking fountain. Worst of all, no privy 
has been provided. The pupils, not having a privy at 
home, do not think of having one at school, especially 
since the woods and undergrowth are near the school- 
house. The Smith children do not know they are in- 
fected; they use the common hiding grounds with the 
other children. Soon the whole school grounds are so 
heavily polluted that on damp days every pupil who 
goes around barefooted will contract ‘ground itch;” 
and, moreover, those who play ball, marbles, mumble- 
the-peg, ete., get their hands infected. Facilities for 
washing the hands are not available, so at lunch time 
they handle their food with soiled hands which are 
likely to be contaminated. 

In this way the pupils at school become infected with 


FOR BREE. TREATMENT 
HOOKWORM DISEASE. 


Grassi, another Italian physician, identified the eggs, 
this worm in the feces of anemic patients, it was gy 
pected that the parasite was the cause of the diseay 
About the same time Dr. Colomiatti, studying an 4 
secure disease which had caused the death of many wo 
men on the St. Gothard Tunnel, discovered in the j 
testine of one of the tunnel victims more than Lj 
hookworms. 

This parasite, known as the Old World hookwor 
and named Ankylostoma duodenale, was carefully studied 
its responsibility for certain types of anemia in southey 
Europe demonstrated, and successful treatment for 
disease developed. The prevalence of hookworm dis 
in the New World was not, however, recognized {j 
much later. On November 24th, 1899, Maj. Builey } 
Ashford, of the United States Army Medical Com 
while treating anemia, supposedly due to starvatig 
caused by the hurricane in Proto Rico, identitied 4 
hookworm as the real cause of the widespread \iseas) 
He, however, supposed the parasite found by him; 
be the Old World type. In 1902 Dr. C. W. Siiles, ¢ 
the United States Public Health Service, having fou 
the same disease in the southern states, identilied j 


An Arkansas dispensary. 


parent death rate. Many ills that have been attributed 
to mental and moral weakness of whole bodies of people 
are now definitely known to be due to this infection, 
and curable with its cure. Its eradication is one of the 
most important and pressing problems before the people 
of the southern half of the United States and of other 
semitropical and tropical lands. Moreover, the pro- 
gress which has been made in recent years completely 
demonstrates at once the vast benefit, both in terms of 
human happiness and industrial efficieacy, attendant on 
the stamping out of the disease; and also the complete 
adequacy, in stamping it out, of perfectly simple pre- 
cautions prescribed by the most primary rules of health 
and even of common decency. There is probably no 
other disease which is so well understood in every detail, 
and which can be so satisfactorily explained to a layman. 
Nor is there any other widely prevalent disease against 
which the lay community can so readily and surely 
protect itself by simple precautions. Its conquest vir- 
tually resolves itself into a problem of popular education 
against soil pollution. 

In combating hookworm disease it has been found that 
the rural school is the greatest medium for the spread 
of the infection and the most importané protective agency 
against it. In some schools investigated the infec- 
tion has been found to be 100 per cent—the teacher and 
every pupil a victim of the disease. Records of the sur- 
vey show an average infection among rural children of 
school age for whole counties running as high as 70 to 
90 per cent. The general average for all the children 
examined to date is 40 per cent of infection. 

It is seldom realized to what extent the school in rural 
districts aids in spreading the infection. Suppose we 
take a certain school district in which, by chaace, no 
infection exists. The son and daughter of Mr. Smith 
visit Mr. Jones, who lives in a district where there is 
much hookworm disease. While there fruits or straw- 
berries are picked off the ground by the Smiths and eaten; 
and perhaps in going barefooted “ground itch,” the 
beginning of skin infectioa, is contracted. The visit 
over, the Smiths return home. Having no sanitary 
privy on their premises, the soil around their home is 
soon polluted, so that one by one the whole family be- 
comes infected in varying degrees of severity. Fall 
eomes and the neighborhood school opens. The Smith 


* Extracts from Bulletin No. 20, 1914, issued by the U. 8. Bureau 
of Education. 


Microscopist on field work in Georgia. 


the school as an exchange. In a comparatively short 
time the premises around the homes of all the school 
children are polluted, and we have the change which 
anemia produces coming over the community. Pro- 
gress of the children in school is retarded; the daily at- 
tendance is poor; the health of the community is be- 
low normal; the crops are not so well cultivated; there is 
a general backward tendency. The houses are not so 
well provided for or kept; the whole community is 
sick and doesn’t: know it; the economie loss is tremen- 
dous. 

It is through the rural school, whence the infection 
has come, that the remedy must also come. The meas- 
ures necessary for permanent control of hookworm dis- 
ease are health supervision, health instruction, and 
perfect sanitation. The rural school can aid in health 
supervision; it can supplement and drive home health 
instruction; and above all it can teach good health and 
elean living by being itself a model of sanitation for 
the community. 

Hookworm disease, like typhoid fever, is due to care- 
less disposal of human excreta. Once schools and 
dwellings in country districts are provided with sanitary 
privies of one type or another, there will be little danger 
from hookworm. 

Infection by intestinal parasites is by no means con- 
fined to the south. It is world-wide in its distribution. 
It is most prevalent in the tropical and semi-tropical 
countries, where it is a problem of great magnitude. 
Of the total population of the globe—about 1,600,000,000 
people, in round numbers—about 940,000,000 live in 
countries where hookwcrm disease is prevalent. In 
the miscroscopic examinations of the stools of persons 
six types of intestinal parasites have been found in 
sufficient frequency to render each one worthy of con- 
sideration, but the campaign in the south has been 
directed primarily against the hookworm, because it is 
the most important, and by far the most prevalent, 
of the group. 

Hookworm disease is not new. It is only newly 
understood The symptoms of the disease were de- 
seribed in the records of the Egyptian Empire, but their 
cause was not known. The hookworm itself was dis- 
covered in 1838 by Dr. Angelo Dubini, an Italian, 
who, while making an autopsy, found the small white 
worm with its head buried in the membrane of the small 
intestine; but that this worm had anything to do with 
anemia was not suggested. When, however, in 1877, 


cause as a different species of worm, now known as th 
New World type, or Necator Americana. It was thes 
discovered that the worm found in Porto Rico was ¢ 
this species. Subsequent discovery of this same wom 
as the cause of anemia among the victims of the Africa 
low lands suggests that the so-called New World typ 
was brought to Porto Rico and the southern states by 
the slave trade. It also prevails in India, and has beet 
spread in Jamaica, Trinidad, and British Guiana by th 
Hindu coolies brought there as laborers. 

In the United States the disease is found throughout 
the states south of the Potomae and Ohio Rivers; in 
Arkansas, Missouri, Oklahoma, and Texas, and als 
in California. Its prevalence and severity vary widely 
within a state and even in a county, in some localities 
less than 1 per cent of the people being infected, and in 
others more than 90 per cent. Generally speaking, the 
heaviest infection is found on the light, sandy soil of th 
coastal plains; the lightest infection on the stiff, clay 
soil of the Piedmont region, and an intermediate infe- 
tion among the foothills and mountains. It is peculiarly 
a disease of the agricultural districts, which goes far t0 
explain the long puzzling lack of physical and intelle- 
tual vigor to be noted among large classes of people it 
what ought to be one of the healthiest and most prot 
perous sections of the country. 

The treatment of hookworm disease is a simple matter. 
Epsom salts and thymol are the drugs used. The object 
desired is to clean the mucous and food particles from 
the intestinal tract, so that the worms will be exposed 
to the action of the thymol. This is accomplished by 
the administration at night of a dose of epsom salts 

The next morning at 6 A.M. one half the dose 
thymol in capsules is given; at 8 A. M. the other hall 
is given, and at 10 A.M. a second dose of epsom salts 
is given. Having cleaned the mucous from around the 
worms, the thymol acts directly on them as a poison. 

Alcohol and oils are solvents for thymol, an: it # 
exceedingly dangerous for either of these to be taket 
by the patient. Gravy, butter, milk, ete., must mt 
be taken on days when thymol is given. Patent med 
eines contain aleohol, and must be forbidden. The plat 
followed has been to forbid any food or drink, except 
water, on the morning when the thymol is taken. 

Male fern, beta-napthol, and other remedies have als? 
been used in treating hookworm disease, but it is ger 
erally agreed that thymol is thoroughly satisfactory fo 
the purpose. 
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In the-fall of 1909 it was announced that Mr. John 
p. Rockefeller had given a million dollars to be used 
in an effort to control hookworm disease. In January, 
1910, » commission composed of eduvators, doctors 
and business men of national reputation was formed, 
and offices were opened in Washington by the adminis- 
trative seeretary. The work of this commission, which 
is known as the Rockefeller Sanitary Commission, has 
involved three definite tasks: (1) To determine the geo- 
gaphical distribution of the infection and to make a 
reliable estimate of the degree of infeetion for each in- 
fected area; (2) to cure present sufferers; and (3) to re- 
move the souree of infection by stopping soil pollution. 

The State was adopted as the unit of organization 
and of work. It was regarded as fundamental, in the 
interest both of economy and efficiency, that the work 
be done as far as possible through existing agencies. 
Each State had its own system of public health, its own 
system of organized medicine, its own organized public 
press, its own system of public schools. These four 
fundamentals and a host of other agencies were ready 
for use in edueating the people. These institutions 
were rooted in the life and traditions of the people; 
to enlist these agencies in the accomplishment of 
the task was to insure the permanency of the work 
from the beginning. The eradication of this disease, 
moreover, was a work which no outside agency 
working independently could do for the people if it 
would, and one which no outside agency should do if 
itcould. It was recognized that an outside agency can 
be helpful only in so far as it aids the States in organiz- 
ing and bringing into activity their own forces. In 
this spirit the commission responded to invitations from 
State hoards of health to co-operate in organizing the 
work in those States in which widespread infection 
had been demonstrated. 

In the 11 States thus inviting co-operation a State 
director of sanitation was appointed by the joint action 
of the State public-health authorities and the Rocke- 
feller Sanitary Commission. The State director is a 
State official, an officer of the State department of health, 
dothed with all the powers and responsibilities belong- 
ing to such position. He is the organizing and direct- 
ing head of the whole work for the eradication of hook- 
worm disease in his State and is responsible for the 
efficiency of the service. His work is done under the 
supervision of the State department of health; he reports 
quarterly to the State department and the commission. { 

Under the direct supervision of each State director 
of sanitation is a foree of field directors of sanitation. 
These field inspectors are nominated by the State direc- 
tor and confirmed by the joint action of the State depart- 
ment of health and the commission. These inspectors 
constitute an ambulant service and devote their whole 
time to work in the field. It is these field directors who 
determine the geographical distribution and degree of 
infection, who determine the sanitary conditions re- 
sponsible for the presence and spread of the disease. 
They enlist the co-operation of the physicians in curing 
the sufferers, provide for the treatment of the indigent, 
inspect. schools, instruct the teachers, enlist the press, 
and, by lectures, demonstrations, and personal con- 
ference, teach the people the importance of getting all 
infected persons cured and how to prevent the spread of 
the disease by putting a stop to soil pollution. 

As a definite diagnosis of hookworm disease requires 
a microscopic examination of the patient’s stool, each 
State has a force of trained microscopists whose whole 
time is given to the examination of specimens received. 
This microscopic force is stationed at the State labora- 
tory and in the field, in the latter case working with the 
field director. 

The most effective teaching, whether of physicians, 
of editors, of school officials and teachers, or of the people, 
is by demonstration. The chief agency in this demon- 
stration teaching has been the county dispensary for 
the free examination and treatment of the people. For 
this dispensary the county board of supervisors makes a 
small appropriation. The work is done by the field 
staff of the State board of health. The dispensary in 
a county runs usually from 6 to 8 weeks. 

To summarize briefly, the aim of the work has been: 

1. To demonstrate to the people in each of the 11 
States where work has been undertaken that hookworm 
disease is a reality; that it is a serious handicap; and that 
it is curable and preventable. 

2. To make an infection survey that will give a 
teliable estimate of the degree of infection for each 
county in the State. 

3. To make a sanitary survey which shall show for 
tach county in the State the conditions of soil pollution 
which are responsible for the presence and spread of 
the infection. 

4. To conduct an intensive educational campaign 
in every county where the infection is present; to teach 
the people by means of the printed page, by lectures, 
by exhibits, by demonstration, the importance to the 
community of getting every person examined and ‘the 
infected treated; how the examination is made; how the 


disease is treated; how the infection is spread; and how 
it can be prevented. 

5. To teach the practicing physicians of the State 
how to diagnose the disease and how to treat it; to teach 
them the importance of making examination for in- 
testinal parasites a regular part of routine examination 
of all patients. 

6. To get every medical school in the State to make 
provision for definite instruction in the diagnosis and 
treatment of intestinal parasites, to be given to all 
students as a requirement for graduation. 

7. To enlist the press of the State in the work. 

8. To see that the teaching of the dangers of soil 
pollution and how to prevent soil pollution is made a 
regular part of the instruction given in the publie schools. 

9. To make at least one complete community demon- 
stration; to select a rural community where the infec- 
tion is reasonably heavy; to get every person examined; 
get every infected person cured; get soil pollution 
stopped; then tell the people of the State the story of 
how this community has eradicated hookworm disease. 

10. And, if possible, to help lay the foundation of a 
county and community health service that will in the 
end take care of hookworm infection and all other 
preventable diseases. 

Recently measures have been taken, where the dis- 
pensaries have done their work thoroughly, to follow 
the next logical step in the direction of permanent con- 
trol of health conditions. In North Carolina the State 
board of health has secured for a number of counties 
and communities full-time health officers, who, in addi- 
tion to fighting hookworm diseases, will do other needed 
health work. Instead of selecting a county and spend- 
ing a short time there—the dispensary method—the 
board now has full-time men employed, who can remain 
until every case of hookworm disease is treated and cured. 
In addition to this, sanitary arrangements are being 
instituted for every home in the community, with a view 
to preventing hookworm disease, typhoid fever, and all 
other diseases due to soil pollution. 

Co-operation between the State departments of health 
and education has been one of the most hopeful signs 
of progress in the movement for community control of 
health conditions. In no field has this co-operation been 
more practical or effective than in the work for the 
eradication of hookworm disease. The school authori- 
ties have furthered in every way possible the efforts of 
the State health authorities in the various steps of sur- 
vey, cure, and prevention. 

In some of the States, notably Virginia, North Caro- 
lina, Alabama, and Kentucky, the alliance has been 
particularly close. The State health authorities have 
furnished bulletins on public health especially adapted 
to use in the schools, and the State school authorities 
have distributed these bulletins of information to all 
the schools in the States. 

Alabama has a specially prepared teacher’s bulletin 
for use in the schools of the State, with an introductory 
note by the State director of campaign against the 
hookworm disease in the State. 

Kentucky is another State where special bulletins 
on health subjects have been prepared by the State 
board of health at the express request of the State 
educational authorities. 

In Arkansas State Supt. George B. Cook reports 
that the State department of public instruction has 
been very closely identified with the work of the Rocke- 
feller Sanitary Commission since the work was first 
taken up in that State, and that his department is also 
co-operating to the fullest extent with the State board 
of health. 

Kansas, while not one of the States: where hookworm 
disease is a problem, offers a good example of State- 
wide health teaching in country schools. In the new 
course of study issued for use in all the rural schools 
of the State, special stress is laid upon sanitation and 
health-conserving agencies in general. 

In reporting on health teaching in Louisiana, State 
Supt. Harris mentions particularly the work of the State 
board of health in co-operation with the Rockefeller 
Sanitary Commission, emphasizing the fact that while 
engaged in the work of examining and treating school 
children and teachers “they give a great deal of in- 
struction in other lines of health.” 

In Mississippi a valuable health work that means 
much for the hookworm crusade as well as for every 
other positive movement for good health is the 
work of the State school improvement associations. 
By means of these associations, working through the 
State department of education, a special “clean-up and 
beautify day” has been observed by at least 2,000 
schools and communities at the close of school in the 
spring and again at the opening in the fall. On these 
days the country people join with the teacher to put 
their schools in sanitary condition and make them as 
attractive as possible. 

It is the general testimony of those who have in- 
vestigated actual rural conditions that the rural school 
is ordinarily inferior in building and equipment to the 


average farm dwelling of the community it serves. 
Certainly in respect to sanitary facilities it has been a 
disgrace to American civilization. Recently, however, 
much has been done toward making the school house 
and grounds in the country what they should ever be— 
a real model for the community to follow. In States 
where the rural movement is at its best, particular at- 
tention is paid to the two fundamentals of water supply 
and sanitary privies. 

No problem is of more fundamental importance to 
rural life than that of disposing adequately of human 
excrement. It has been repeatedly stated in this bul- 
letin that hookworm disease would be impossible with- 
out soil pollution, and soil pollution is directly due to 
the lack of sanitary privies. Theoretically the remedy 
for soil pollution is simple, and should be provided with 
enthusiasm everywhere in the country, at every farm- 
house and at every school. Practically its application 
is very difficult. Ingrained habits must be changed, 
and to accomplish this requires that people be educated 
out of the present uncivilized custom to the point where 
they will gladly devote the necessary time and money 
for the construction and use of sanitary facilities for 
night-soil disposal; in other words, sanitary privies. 


Model Target Ranges in Belgium 


A FEW years ago the Belgian military engineering 
corps undertook some interesting work in reinforced 
concrete construction at the time of laying out the new 
rifle ranges at Ostend. This locality is now covered by 
the present war operations in Belgium. The firing 
grounds were intended to be a model establishment, and 
a novel point was the extensive use of firing walls or 
backing for the targets, built of reinforced concrete and 
ranging from 30 to 70 feet high. Such a system had 
already been put in use in Switzerland and other places 
to a limited extent, and owing to the valuable qualities 
of reinforced concrete for this class of work, it was de- 
cided to go into the present construction on a much 
larger scale than had been heretofore seen. Plans for 
the complete firing ground at Ostend called for four 
firing lines at 330 feet range, four lines at 660 feet, five 
at 1,000 feet, four at 1,330 feet, three at 1,650 feet, and 
two at 2,000 feet range, this being, as will be seen, quite 
an extensive layout; all these firing lines to be pro- 
vided with electro-automatic targets of the Bremer 
type, which give an automatic record of the firing 
points. However, only a part of this programme was 
carried out during the first part of the work, to which 
our obtainable information has reference. In the same 
way the shelter for the firing men is temporarily built 
of wood, lined with canvas in order to deaden the 
sound. The flooring of this shed construction is built 
on piles so as to raise it some 15 feet above the ground 
level. The plans call for a total length of 370 feet for 
this part of the work. Provision is also made for 
pistol-firing as well as for combined firing by squads 
and other operations. Taking the case of the 1,000-foot 
range, as an example, the firing walls placed opposite 
the stand, and holding the targets, are built as five 
separate walls with space between. Such walls are of 
fiat surface in front, except for various niches to hold 
the targets, as well as suitable protecting parts, of 
which the details are not given. The wall has about 
7-inch thickness in itself, but is greatly reinforced by 
webs in the shape of buttresses in the rear, which start 
flush with the wall at the top and slant to the base, so 
as to project no less than 10 feet or more at the ground 
level. The walls vary in length, and are either square 
or oblong shape, the buttresses on each of the walls 
being spaced at reasonably close intervals, for instance, 
five of them per wall in some cases. Metallic web rein- 
fercing on the French Hennebique system is used here, 
and the surfaces which lie above ground receive an 
outer coating of cement mortar. The present walls are 
ealeulated to stand a much higher wind pressure than 
the heaviest tempests could produce, and are thus very 
safe in this respect, the broad base giving all the sta- 
bility needed. For the 1,000-foot firing line, the heights 
of the walls range from 30 feet to 75 feet. 

Experience shows that reinforced concrete walls of 
this kind receive but little damage from the bullets, but 
in the Ostend construction the walls themselves are 
protected by mattresses consisting of 14-inch planking 
spaced at 8 inches in front of the surface of the wall, 
then filling in the space with broken porphyry fragments 
of 1% to 2 inches in size. In France, such planking and 
filling is used alone for making up a back wall for fir- 
ing grounds, and it is found that the shot will not pene- 
trate it in any case, so that the Ostend construction has 
an extra margin of safety. Suitable precautions have 
also been taken to prevent glancing of the bullets from 
the targets or the walls. On the whole, the present 
layout is a model one of its kind, and shows another 
useful application of reinforced concrete. It is not 
stated what has. become of the firing grounds since the 
war operations about Ostend. 
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The Defense of Belgium by Inundation 
Something of the History and Geography of the Flooded Region 


In ALL ages the regions bordering on the North Sea 
have made use of inundations as a means of defense. 
After having worked for centuries to wrest land from the 
sea by artificial agencies Belgium and Holland claim the 
right of returning for the moment to the waters the terri- 
tories which they have won from them. During the 
defense of Antwerp it proved impossible for the district 
that could be submerged to yield the desired results. 
During the battle of the Yser, however, the zone of 
Nieuport and Dixmude found inundation a valuable 
means of resistance. While the war-ships of the Allies 
drew near the coast to bombard the Germans and bat- 
teries of artillery rained shells upon the district, the lock- 
gates were raised, the dikes broken down at the right 
moment, and the water flowed again over the land en- 
tering the trenches of the enemy, and thus any farther 
progress of the Germans was rendered impossible. 

An interesting account of this heroic undertaking is 
given by a writer in La Nature who describes this entire 
section of Belgium as a charming region filled with sleepy 
old towns redolent of the past, possessing belfries, 
markets, old houses, and peaceful convents of Beguines, 
having bridges across the canals, accustomed to- quiet 
and tranquillity. It was customary for travelers to 
go to Nieuport to see the memorials of daring seamen and 
the surroundings of an old seaport; to Dixmude to in- 
spect the roodloft of the church and the town-hall, to 
Ypres to see the wonderful market-building and the 
belfry. Along the coast there were sandy beaches at 
Nieuport, Middelkerke, Mariakerke, Ostend, and Blank- 
enberghe where children were wont to play. 

One day, continues our author, the swarms of an ad- 
versary fell upon this region, the cities of which are no 
longer more than names on the map or heaps of ruins. 
The foe had two aims in view: to drive back the left wing 
of the Allies in order to resume its unending turning 
movement, and, also, to advance by way of Furnes to 
the capture of Dunkirk which, once in its hands, would 
become a base for naval operations against England. 
Toward the middle of October this attack by the enemy 
was begun in the region between Nieuport and La Bassée, 
and the operations were particularly violent, at the out- 
set, along the coast. The Yser River, which has been 
turned into a canal, makes a long bend between Nieu- 
port and Dixmude, and during several weeks its banks 
were the scene of a violent struggle. The Belgians very 
quickly comprehended the aid which the water could 
give them. There were fine locks at Nieuport that 
Baedeker had advised his compatriots to go see as master- 
pieces, especially the locks of the canals of Bruges and 
Furnes, as well as four others that are noted on the ac- 
companying map. Successive use was made of these 
locks, and thus it was that the German attacks were 
progressively forced back from the lower courses of the 
river to the upper in proportion as the waters rose and 
encroached upon the land on the left bank of the canal. 
Up to October 21st the most severe attacks of the foe 
were at Nieuport and Lombartzyde. On October 22nd, 
when the waters reached Schoorbakke, the troops of the 
enemy foreed a passage for themselves at Tervaete but 
were stopped three kilometers farther on at the railway 
line near Pervyse, where one thousand dead Germans 
were found after a battle. On November 11th, however, 
a success at last threw into their hands temporarily the 
ruins of Dixmude, which had already been taken and 
retaken several times, but even this advantage did not 
enable them to gain the left bank of the Yser. By the 
end of November, thanks to the aid of higher tides, the 
inundations had extended over so large a region that the 
great German effort, in which more than 120,000 men 
are said to have fallen, had to be abandoned, and the 
attacks reported after this were in a more southerly 
direction, towards Ypres. The water has been seen ex- 
tending from Nieuport to the immediate vicinity of 
Ypres, flowing in its course through Schoore, Leke, Dix- 
mude, Bixschoote, and Boesinghe. One result has been 
the capture of heavy artillery sunk in the miry ground 
near Ramscapelle, where four large cannon and two 
mortars were gathered up out of the mud. 

The present war is by no means the first time that this 
district has served as a battlefield. In 1489 Nieuport 
was besieged by the French. In 1600 Maurice of Orange 
won a victory there over the Spanish, and in 1658 the 
Battle of the Dunes was fought not far from Nieuport 
in the direction of Dunkirk, when Turenne defeated 
Prince de Condé and the Spaniards during the course 
of a campaign not so dissimilar in its happenings to the 
events that have just taken place. 

At the period of this battle, it should be recalled, the 
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French and the English were allied as at the present 
time. The forces of the enemy held Gravelines, Dunkirk, 
Bergues, and Furnes. The entire region around Dunkirk 
had been inundated by them. Notwithstanding this 
Turenne marched boldly from Cassel to Bergues and 
following, from the latter place, the only practicable 
dike he reached the dunes with the intention of besieging 
Dunkirk. At this moment Condé, who had collected 
at Ypres the Spanish garrisons, advanced to meet him 
and was defeated June 14th, 1658. Eleven days later 
Dunkirk capitulated. This was followed by the capture 
of Bergues, Furnes, and Dixmude which was taken 
July 4th; Gravelines surrendered on August 30th, and on 
September 26th Turenne entered Ypres. 
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Map of the inundated Yser region. 


In explaining the physical and hydraulic conditions 
of the region which permit this method of defense the 
writer says further: 

If a topographical map, or what is better a map of 
the geological strata, of this district is examined, it will 
be seen that a line of dunes runs along the coast from 
Gravelines to Dunkirk, Furnes, and Nieuport. These 
dunes are united into a monotonous plain, only broken 
by the slight elevation near Bergues or Hondschoote of 
older alluvial formations, and thick beds of a clay called 
Flanders clay (of the stratified formation called Ypresian) 
which varies from a thickness of 140 meters at Ostend 
to 80 meters at Dunkirk. 

In traversing this country, starting from the coast, 
there first appears a low, sandy shore, a large expanse 
of which is exposed at each turn of the tide. Then, 
when a northwest wind blows, the sand is pushed toward 
the coast, dunes are formed, and, always owing to the 
same influence, these dunes advance inland while the 
sea attacks them behind. East of Dunkirk the dunes 
move forward more than 3 meters a year. It is the 


region of the leaden-hued landscapes which the paintg 
Cazin loved to use as a background for Palestinian sceng 
The strip along the coast formed by these dunes is op) 
broken by the mouths of streams of small importang 
These river-mouths are habitually shut by lock-gatg 
that are only opened at low tide when their dischary 
can take place. 

The plain back of the dunes is composed of a clay 
whitish from the admixture of sea-shells; at times , 
peaty subsoil is found below this clay. A layer of peat 
which is often a meter thick, underlies this clay at aboy 
the meridian of Dunkirk. Broken and recumbent treg 
are scattered irregularly through these strata. !nnup. 
erable canals and their subdivisions wind through this 
clayey plain, which contains many stretches of verday 
reclaimed land. 

The entire region has been wrested foot. by foot frog 
the sea and is, like the Netherlands, of which it is, 
continuation, a marvel of human ingenuity. 

The general level of the plain is, in fact, 0.60 mete 
below high water and in certain depressions calle 
moeres it falls to 1.60 meter below high water. | 
order to form the polders, or tracts of reclaimed |:.nd, jt 
has been necessary to shut off the sea gradually by dike 
crossed by drainage canals and to establish gates t 
regulate the flow of the water by preventing its dis: harg 
excepting at low tides. Although this work of conquest 
was begun many centuries ago, there still existed at the 
beginning of the 16th century a large number of sali 
lakes which have been drained off one after the other: 
the moeres during the 17th century; the salt lakes of 
Lannes, Robelin, and Taaf during the 18th century. 

It is, consequently, very easy, says the writer in sun- 
ming up, to understand the method of defense that has 
been employed. In ordinary times the gates are closed 
when the sea rises. If the procedure is reversed the 
rising tide penetrates the region by means of the entir 
complicated network of canals shown on the map, and 
the closed gates will prevent it from flowing off while 
retaining also the fresh water. If a person knows how 
to make use of the highest tides more than a meter in 
height over the level of mean tide can be gained. By 
breaking the dikes at suitable points one or another 
section of the country can be inundated, as the en- 
bankments of a railway or of aroadformingadam. The 
ability to use the locks is a fine art, but the low districts 
of Belgium have, like the Dutch, old experts who have 
been trained by long experience and who know all the 
tricks of the trade. It is said that the combination by 
means of which the German trenches were submerged, 
while the Belgian trenches were protected for a sufficient 
length of time, is due to one of these men. The map 
shows the extent of country liable to inundation, which 
includes almost the entire triangle of Dixmude, Nieuport, 
and Furnes. To the east and south of Dixmude the sands 
and clays of the Ypresian period are on a little higher 
level, which protects them from the invasion of the sea. 
The Germans have tried in vain to stop the inundation 
or to cross over it by means of rafts. They have been 
compelled to seek another route, with little success, 


Scene in the flooded region of Belgium. 
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Deformation of the Earth by the Moon’ 
Methods of Solving the Problem and Its Difficulties 


In chapter VI of “The Tides” by Sir George Darwin 
he discusses the deflection of the vertical by the tide- 
generating foree of the moon. In 1879, in conjunction 
with his brother Horace, he attempted to measure the 
microscopic movement of a pendulum under the influence 
of the lunar attraction. The difficulties encountered 
“Jed us to abandon our attempted measurement, and to 
conclude that all endeavors in that direction were doomed 
to remain forever fruitless. I can but hope that a falsi- 
fieation of our forecast by M. Ehlert and by others may 
be confirmed.”” This is the concluding paragraph in 
that «hapter, and the forecast, as we know, has been dis- 
proved, first by the observation of Hecker; later by Orlov, 
Mich: lson and others. 

If the earth were perfectly plastic then there would be 
no oceanie tides relative to the land, for both would be 
deformed equally and tide gages would record no rising 
or fa'\ing of the water. Otherwise, if the earth were per- 
fectl. rigid then we would have the greatest effect of 
ocea! ic tides by the lunar attraction. As the earth 
occu! ies condition intermediate between perfect plasti- 
city «nd perfect rigidity, the ocean tides are considerably 
modified thereby. Darwin gives the intensity of the 
maxiium horizontal foree due to the moon compared 
with gravity as 1 to 11,660,000. As is seen, this is 
a ve'y small quantity, and the difficulty of observing or 
determining it is manifest. 

W~ will attempt to give an elementary exposition of 
observing the effect of lunar attraction in the solid earth 
be means of the horizontal pendulum and evaluating the 
recorded results. In outline the horizontal pendulum is 
simply a bob supported at one end of a horizontal boom, 
the other end being movable at a steel point resting in 
an agate cup, while fine wires support the bob from a 
point on a vertical rod. Now this latter point is not 
quit’ vertically above the lower point, and therein lies 
the merit of the horizontal pendulum. If the axis of 
rota‘ion were vertical, then the pendulum would not 
oscillate when displaced from any position it might 
occupy. However, as soon as this axis is inclined to the 
bob, the pendulum will oscillate when displaced from its 
zero position, and the period of its oscillation, that is 
the time required to make a to-and-fro movement, will 
be dependent upon this inclination of the axis. The 
period is a function of the angle of inclination to the 
vertical. This angle is a matter of instrumental adjust- 
ment, so that we can give the pendulum a definite period 
of oscillation to suit our purpose of investigation. If, for 
instance, its period is 10 seconds for a single vibration, 
this would be equivalent to an ordinary pendulum hang- 
ing vertically as in a clock, of approximately 100 meters 
in length, or say 330 feet. Expressed in this manner one 
sees what a very small force indeed would be required 
to deflect the latter pendulum from its vertical position. 
Now this deflection we could accomplish, too, by tilting 
the support on which the pendulum hangs, that is, if 
the surface of the earth suffered a tilting or inclination 
to the horizontal the vertical pendulum would move 
through the same angular measure, and the longer the 
pendulum the more easily could we measure the linear 
displacement. With the above equivalent 100-meter 
pendulum we would have a maximum deflection of the 
11,660,000th part, or a little less than one hundredth 
of a millimeter. Knowing the mass and distance of the 
moon, as well as the intensity, of gravity it is a simple 
mathematical problem to calculate the deflection of the 
vertical at any time for a rigid earth. 

The phYsical tides of the earth follow the apparent 
motion of the moon, and hence the deflection of the pen- 
dulum has a to-and-fro movement under the lunar at- 
traction twice a day, and with far greater regularity than 
obtains with the ocean tides, which are impeded in their 
onward course by the configuration of the earth’s sur- 
face, i. e., by the continents. 

We are speaking only of the lunar attraction, while 
there is, too, one due to the sun, but as the former pre- 
ponderates, in the ratio of about 7 to 3, we refer only 
to the former, although the latter is considered, and enters 
into any observation as well as into the final computation 
and reduction. 

If then the theoretical deflection, on the supposition 
of an unyielding earth can be computed, and the actual 
deflection of the vertical under lunar attraction can be 
observed, it necessarily follows that we have the data 
for determining the “give,” the yielding, the rigidity 
of the earth,—a value of the utmost significance in 
geophysics. 

!t may be proper to state here, although it will be 
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referred to later, that observations to measure the de- 
flection are subject to certain indirect effects, among 
which may be mentioned the daily heating of the earth 
by the sun, whereby a bulging of the earth’s surface, 
following the sun, is caused and a consequent tilting or 
deflection of the pendulum. This may amount to many 
times—as, much as 50 times—the gravitational effect 
of the sun. Again, if the pendulum is mounted say with- 
in a hundred miles or even more of the sea-coast, the 
ocean tides exercise a dual influence. In the first place, 
high tides loading the sea-shore, bend it, and the degree 
is dependent upon the elasticity of the rock subjected to 
the pressure. This effect, making plausible assumptions, 
admits of approximate estimate. Then again the mass 
of water brought in by high tide exerts a gravitational 
effect on our pendulum just as the moon does and helps 
to mask the true lunar effect. The bending of the earth’s 
erust, however, under the superimposed water-mass is, 
for near-coast stations of far greater effect than the 
gravitational one of the same mass. The two latter 
would synchronize with each other but not with the 
solar heating effect. The further we advance with the 
problem of measuring the deflection of the vertical by 
lunar attraction the more complicated and difficult of 
realization it becomes. Low tide, due to the withdrawal 
of water, has of course the opposite effect of high tide. 

From observations it has been found that the earth 
has about the rigidity of steel, a conclusion arrived at 
by Kelvin years ago, and by quite another line of attack; 
and furthermore that the terms dependent upon the sun 
are largely influenced by meteorological conditions, 
among which the daily heating of the earth has already 
been referred to. The change of declination must also 
be considered. 

It was taken for granted that the magnitude of the 
deformation of the earth would show no selective azimuth, 
but ohservations showed this not to be the case. Taking 
the mean of the observations at Potsdam, Dorpat, 
Freiburg, and Durlach, we’obtain 0.47 for the meridian 
and 0.70 for the primevertical value, of the theoretical 
value they should respectively have; which means that 
the earth is more comprehensible in a north-south than 
in an east-west direction. This anomaly was puzzling. 
Sir George Darwin suggested that the greater rigidity 
of the earth in the east-west direction was due to the 
rotation. Prof. Love, however, from mathematical con- 
siderations could not assign this as a reason. He, how- 
ever, pointed out the possibility, as the difference was 
more marked at Potsdam, which is nearer to the ocean, 
than in Dorpat, that the ocean tides might be the dis- 
turbing factor, and in two ways. In the first place, there 
must be a bending of the earth’s crust under the tidal 
weight; and in the next place, the tidal mass exercises 
its gravitational influence just as the moon and sun do. 
Acting on this suggestion the International Seismological 
Association at Manchester in 1911 decided to have four 
“deformation” stations established, one in central 
Siberia, one in central South Africa, one in central North 
America—these three being far removed from the ocean 
—and one in Paris, where the above effects, if they exist, 
would be aggravated or increased. Canada undertook 
to establish the one for America, and Winnipeg was first 
selected, but it was finally decided that more satisfactory 
results would be obtained at Ottawa at the Dominion 
Observatory, under constant technical supervision. 
Recently, a concrete vault 9 by 21 feet has been built 
adjoining the Observatory, the floor of the vault being 
24 feet below the surface, and the pendulums will shortly 
be installed. 

Since the observations have been made in Europe, 
Prof. Michelson has carried out a splendid series of ob- 
servations, and by quite a new method, using two long 
(500 feet) pipes, 6 inches in diameter, the one laid in the 
meridian, the other in the east-west line and both under- 
ground 6 feet. They are partially filled with water, and 
the change of level under lunar and solar attractions is 
measured by means of a microscope. A detailed ac- 
count of the apparatus and results will be found in the 
March number of the Astrophysical Journal for the pres- 
ent year. We shall give his final results. He finds— 

Amplitude Ratio. Phase Acceleration, 

N-S 0.523 _ 0.007 hour 

E-W_ 0.710 + 0.059 hour 
We see that the amplitude ratio is in pretty good ac- 
cordance with the mean European results of 0.47 and 
0.70, and from the position of Michelson’s station— 
Williams Bay, Wisconsin, near the Yerkes Observatory, 
very far away from any oceanic tidal influences the cause 
of the anomaly of this difference in amplitude ratio, will 


very likely have to be sought elsewhere—although 
Schweydar (1912) agrees with Love in attributing the 
difference as found at the European stations, to the effect 
of ocean tides. The phase acceleration as found by 
Michelson is very satisfactory, being very small as one 
would expect. It is as he says, ‘‘so small as to leave some 
doubt as to whether or not it is real.” 

We have shown in the preceding, the problem to be 
attacked and the method of attacking it. Attention 
has been drawn to the very small quantities involved, 
that is, the quantities to be measured, and of the numer- 
ous factors that enter into it—the continuous change of 
the moon’s position in declination and distance, with 
the consequent change in its tide-disturbing effect. The 
same applies, though in a less degree to the sun. To 
complicate our record still more, we have meteorological 
effects impressed on the records, such as the heating 
effect by the sun. Yet from all the tangle, the physical 
tides of the earth show up clearly and unmistakably. 
At a maximum the surface of the earth rises and falls 
about a foot twice a day, due to lunar and solar attrac- 
tion. We are sitting on a long “teeter,” (6,000 miles 
long, with a period of a little over 12 hours), uncon- 
sciously teetering. It doesn’t seem to mean much, yet 
in it is bound up the constitution of our earth, and of all 
objects in the universe none concerns man more than the 
earth. The earth is solid, very solid, somewhat like 
steel. There is no liquid molten interior as we were once 
led to believe. 

We trust that in another year the Dominion Observa- 
tory will beable to add its share to this very interesting 
investigation of the deformation of the earth by the moon 
and sun, and the determination therefrom of the rigidity 
of the earth, a desirable quantity in geophysics. 


Comparison of the Silver and Iodine Voltameter 

AN important investigation of silver and iodine volt- 
ameters was recently undertaken by G. W. Vinal, assist- 
ant physicist of the Bureau of Standards in co-operation 
with S. J. Bates, research associate in physical chem- 
istry of the University of Illinois, the results of which 
have been published in the scientific papers of the Bu- 
reau of Standards, No. 218. <A brief summary follows: 

Of the many electrochemical reactions which may 
theoretically be employed to determine the faraday, 
i. e., the quantity of electricity associated with a chemi- 
cal equivalent in any electrochemical change, that of 
the deposition of silver from a solution of silver nitrate 
is the only one that has been extensively investigated. 
The values which have been accepted for the faraday 
from time to time have almost entirely been based 
upon results with the silver voltameter. This naturally 
resulted from the fact that the international ampere 
is defined in terms of the silver deposited under more 
or less rigorously fixed conditions, and hence this instru- 
ment has been the subject of many thorough investiga- 
tions, both by the national standardizing laboratories 
and by private individuals. As a result of these investi- 
gations it has been possible for the past few years so 
to define the conditions to be used in connection with 
the silver voltameter that a reproducibility of 1 or 2 
parts in 100,000 may be obtained. Until recently no 
other voltameter had attained anything approaching 
such a degree of precision. 

A little over a year ago, however, Washburn and 
Bates' published the results of a study of an iodine volt- 
ameter which they had devised and which was found 
to have a reproducibility of the same order as that of 
the silver voltameter. The apparently complete re- 
versibility and purity of the electrochemical reaction in 
the iodine voltameter, coupled with the fact that no 
solid deposit is obtained, made it a particularly valu- 
able reaction to employ for determining the faraday 
and warranted very exact electrical measurements. 

We have made a careful comparison of the silver 
and iodine voltameters, using them in series so that 
the deposits of silver and iodine should be strictly com- 


parable. The best procedure learned from previous 
investigations has been followed in each case. Our re- 
sults are as follows: 

2. Electrochemical equivalent of iodine...... 1.31502 
3. Value of the faraday (I = 126.92)......... 96.515 
4. Value of the faraday (Ag = 107.88)....... 96.494 
5. Value recommended for general use........ 96.500 


Nos. 2, 3, and 4 are calculated on the basis of the 
international ampere, using 1.11800 milligramme per 
coulomb as the electrochemical equivalent of silver. 


7J. Am. Chem. Soc. 34, pp. 1341, 1515; 1912. 
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Removing a bit of steel from his eye. 


Removing Particles of Metal from Wounds 

Pirtssuren’s great industrial plants are furnishing 
practically all the barbed wire used by the belligerent 
countries in the European war, and thousands of tons 
of material for the making of ammunition are being 
shipped from Pittsburgh to Europe. 

This city’s commercial participation in the war is 
greater perhaps than any other city enjoys—in so far as 
manufactures are concerned. But, besides. furnishing so 
much that is intended to destroy human life, Pittsburgh 
is sending, in large numbers, one mechanical agent of 
mercy to the battlefields of France, Austria, and Bel- 
gium. It is the powerful magnet that is taking the 
place of the surgeons painful and perilous probe—a 
machine that will prevent untold agony. 

The removal of pieces of shrapnel, steel-jacketed bul- 
lets and other metal substances by the use of powerful 
electromagnets in hospitals in the European war zone 
has been acclaimed by many as the very latest applica- 
tion of science to surgery. But this has been in prac- 
tice in some of the Pittsburgh industrial plants for 
more than a year, the first machine having been con- 
structed and installed at the East Pittsburgh works of 
the Westinghouse Electric and Manufacturing Com- 
pany. As part of the relief department it has proved 
the most useful device ever adopted, and the big mag- 
net is here used for removing metal embedded in the 
flesh or in the ball of the eye. 

The magnet is mounted on a box containing a resistor 
which is used to regulate the amount of current flow- 


ing through the coils. It requires 4,000 watts for its 
operation, or enough power to supply one hundred 32- 
candle-power Mazda lamps. It is designed for opera- 
tion on 70 volts. As the circuit from which it draws 
current is used for testing purposes in the Westing- 
house works and ranges from 70 to 120 volts, a resistor 
is necessary. 

Not infrequently workingmen get bits of metal in 
their eyes or hands. Before the installation of this 
magnet it was necessary to use a probe to remove these 
foreign substances, a method which was uncertain and 
often extremely painful. This magnet makes the opera- 
tion very simple and painless. The part of the body in 
which the metal chip is embedded is placed near the 
pole tip of the magnet, the switch closed, and the mag- 
net does the rest. The pole is removable, a number of 
different shapes being supplied for various classes of 
work. Bits of flying metal often penetrate the eyes of 
workmen. When they strike with sufficient force to be 
embedded it is a difficult thing to extract them unless 
the magnet is used. The protecting coating of the eye 
must be cut, and there is always danger that, instead 
of removing the particle, it may be pushed further into 
the eye. 

In the steel mills workers frequently have their hands 
punctured by minute pieces of flying metal which be- 
come embedded under the callous skin. When these 
bits are allowed to remain, in most cases the wound 
becomes infected. Sometimes blood poisoning results. 
The use of the powerful magnet insures the removal of 


all traces of metal from any and all such wound 

Dr. C. A. Lauffer, medical director at the Westing. 
house plant, has compiled some valuable data on the 
results accomplished by the magnet. Not long ago, 
workman at East Pittsburgh attempted to drill one 
his own teeth. The drill broke off about a half ing 
from the end and remained stuck in the cavity. ] 
looked as though the only way to remove the dry 
would be to pull the tooth. A special extension to the 
magnet pole was contrived and fitted to the machine 
As soon as the current was switched on the drill wag 
drawn out. 


Astronomical and Mathematical Research* 


Tue astronomer, in common with the physicist, the 
chemist and others, greatly needs the help that the 
mathematician can give. On the other hand, I belieye 
that the mathematician has something to learn from the 
astronomer with regard to the point of view from whigh 
he pursues his researches. 

This difference in viewpoint is nothing more thang 
recurrence of the struggle that occurs in every kind of 
human activity between the essentials of a subjec! and 
the technique of that subject. It is a remarkable fagt 
that the outcome of this struggle is not always in fayor 
of the former, but that mere technique is sometimes able 
to gain permanent mastery and to submerge completely 
the objects for which it was created. The best illustra 
tion of this is to be found in the painter’s art. We know 
that there was a time when painting was regarded aga 
mode of expression through which lessons might he 
taught and learned, or through which at least the world 
might be amused. But for many a long day painters 
have refused to take this view of their art. They hold 
in frank contempt a picture that tells a story, and their 
standards of what constitutes a great picture are un- 
intelligible to any one who is not himself a painter. 

Astronomy and mathematics have their technique 
and are having their struggle with it. A century ago 
Gauss, a great mathematician and a great astronomer, 
speaking for his times as much as for himself, announced 
as his motto, “‘Pauca sed matura,”’ and adopted as his 
crest a tree laden with fruit, few in number but remark- 
able for their perfection. Such sentiments as these and 
the feeling that lay behind them have undoubtedly 
done more to hinder the progress of science than to ad- 
vance it. If there is any question as to what Causs 
meant, we have only to turn to his biography to find the 
answer. He did not care to touch in print any subject 
that he felt he could not exhaust; merely to contribute 
to it seemed to him like plucking unripe fruit. ‘Thus 
his published work, extensive though it is, represents 
only a part, and it may be only a small part, of the un- 
remitting labor of his wonderfully fertile brain. We 
know, for example, that Gauss had developed the prinei- 
ples of the method of least-squares while he was still 
in his teens, but it was not until fourteen years later that 
he ventured into print on this subject. He would doubt- 
less have wished to delay even longer had not Legendre 
in the meantime unearthed and published the same 
principles. We can make a good guess at the reasons 
for Gauss’s delay. The method of least-squares is 
founded upon an assumption which can be put in various 
forms, but which always remains an assumption. Gauss 
would doubtless have wished to prove this assumption 
from fundamental principles or at least to have given it 
a more axiomatic dress; but this neither he nor any one 
that has come after him has succeeded in doing. An 
even better illustration of the former attitude of men of 
science in the matter of their obligations to science, is 
afforded by Gauss’s part in the history of non-Euclidean 
geometry. In a letter to a friend he states that he had 
occupied himself extensively with Euclid’s axiom von- 
cerning parallels and goes on to outline very briefly some 
of the results he had obtained. This letter contains all 
that is known of these researches. A few years after it 
was written Lobatchewski published the little book in 
which he proves that the parallel axiom is no axiom at all, 
but a pure assumption, and shows that another kind of 
geometry is imaginable in which the opposite assumption 
is made. In view of this work, it would have been 
necessary for Gauss to revise what he had already done 
before publishing it. He preferred, however, to suppress 
it altogether, and when after his death his scientific 
effects were overhauled, no trace of this subject was found 
among his papers. 

It will be understood that it is not Gauss that I am 
presuming to criticize, but rather the times in which he 
lived. That was an age when it was taken for granted 
that a man should think of his scientific reputation as 
coming first, and when the form in which he gave his 
researches to the world was considered as important as 
their content. In more recent times the man of science 
has taken a new view of his calling and of his duties, and 
it is largely because of this new policy that progress has 
been so rapid in some directions. 


*Address by Prof. Schlesinger at the Annual Meeting of the 
American Association for the Advancement of Science. 
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Entrance to the vault, showing the 3-foot thick 50-ton door open and closed, with joint ground to an air-tight fit. 


The Strongest Vault in the World 


Its Massive Construction and Unusual Method of Protection 


Tue security vault recently installed in the new bank- 
ing building of Messrs. J. P. Morgan & Co. has the 
wique distinction of being the strongest in the world. 
It is 283 feet wide by 27 feet deep by 33 feet high out- 
side, and is divided into three stories. The walls are 
2% feet thick, made up of a harveyized nickel steel 
armor plate lining surrounded with rock concrete, rein- 
forced with double and treble sections of 125-pound 
nicke! steel rails, interlocked at all corners and bound 
with multiple angle frames and tie rods. The outside is 
finished with a steel-panelled cladding. 

The main entrance is guarded by a round door, which 
is mide without stepping or rebates, and is ground into 
the frame for its entire thickness of 36 inches. This 
door is of composite construction, the inner half being 
of nickel steel armor and the outer of cast steel with 
concrete, jail rods and anti-oxyacetylene cutter burner- 
proof sections between. This door with its boltwork 
and hinges weighs 50 tons, and is so well balanced that 
it can be swung with one hand. 


An emergency door of corresponding thickness and 
construction, but of lesser size, obviates the possibility 
of lockout, and furnishes means for ventilation, the air 
being changed every two and one half minutes. 

The three floors of the interior are equipped with 
security closets and safes, filing fixtures, trucks, etc. 
The floors are tinished with cork tile. Stairways afford 
communication between floors, and an elevator is pro- 
vided for trucks and packages. A level entrance is 
afforded by lowering platforms. 

The vault is provided with two systems of electric 
lighting, a high tension which is regularly used, and a 
low tension which is brought automatically into service 
if the high tension fails. 

A complete system of calls, alarms, and telephones is 
also installed, in addition to a telephone permanently 
connected to Central, for use if a person is locked in the 
vault. The night lights also run continuously. 

Time locks are applied directly to each door, which 
is solid and has no spindle holes, the combination locks 


and bolt-throwing mechanism being applied to the jamb. 

All of the combination and time locks and bolt-throw- 
ing mechanism upon the inside of the vault are covered 
with heavy steel plates. which obviates an almost uni- 
versally weak condition, where the putting of a small 
hole through the vault walls provides direct access to 
the locking connections. 

A protected and electrically lighted dial with revolv- 
ing pointers has been substituted for the standard com- 
bination lock dials, this affording greater convenience, 
und insuring the operation of the combination against 
observation from anyone except the operator. 

Electric protection is applied over the entire vault 
and is connected with Central Office service. The vault 
is arranged for observation by means of patrol passages 
and mirrors around the four sides, underneath the bot- 
tom, and across the top. 

The work is tire-proof, water-proof, burglar-proof and 
mob-proof, and, as a whole, represents the very last 
word in high class vault construction. 


Refractory Materials and the War* 


Tue successful manner in which the Germans have 
developed the manufacture of various heat-resisting 
materials has been clearly demonstrated since the ad- 
vent of the war, and as time goes on the absence of sup- 
plies becomes more and more trying in those industries 
where heat-resisting materials are required. The manu- 
facture of chemical porcelain, for instance, is almost 
wikuown in Great Britain, and we have to depend for 
supplies of this ware on goods which are obtained more 
or less supreptitiously through neutral countries such 
as Holland and Scandinavia. The supplies stocked by 
dealers have never been very large, and these were 
rapidly depleted. This encouraged a number of British 
potters to make some simple attempts at the manufac. 
ture of refractory porcelain, but most of them soon 
abandoned it, for though they could make ware which 
would withstand acid they could not produce a porcelain 
with the insensitiveness to sudden changes in tempera- 
ture which is so characteristic of the Saxon ware. Other 
experiments are being continued, and it is hoped that 
before long this ware, which is so important to chem- 
ists, will be successfully manufactured in this country 
at prices not markedly higher than have been paid for 
the imported material. Meanwhile, the use of fused 
silica ware or “vitreosil” is increasing, as it will meet 
all the requirements, but is more costly than porcelain. 

The importation of bricks for building coke ovens and 
other furnaces from Belgium and other parts of the 


* By Alfred B. Searle, Ph.D., in the Journal of the Royal 
Society of Arts. 


Continent has necessarily ceased during the war. Fire- 
bricks of equal refractoriness can be purchased in this 
country, but they do not satisfy the tests which the 
Continental builders of coke ovens consider to be essen- 
tial. British firebrick manufacturers are making ex- 
tensive efforts to overcome these objections, and are 
gradually increasing their ability to make firebricks to 
fit any reasonable specification. They have much to 
learn, however, though they have made much more 
rapid progress since the war began. Firebricks for 
furnaces and similar purposes where the specifications 
are less stringent can be made successfully in this coun- 
try, though the prices of firebricks in extra-European 
countries before the war were largely in favor of those 
made in Germany. This was due to the much larger 
works, organized on an entirely different basis and 
working on a system of “dumping” which not 
appeal to British manufacturers. It is a curious fact 
that with inferior materials to those commonly used in 
Great Britain, the Germans have turned out better fire- 
bricks and have been able to guarantee results to an 
extent which British firms have found impracticable. 
With competition less severe in some respects, British 
manufacturers are now turning their attention to im- 
proving the qualities of their goods, as in the past they 
have concentrated their minds on the production of 
cheap bricks. With adequate technical assistance of a 
kind not generally available they will be able to make 
great improvements in quality, and should, in time, be 
able to produce better bricks than any now on the mar- 
ket. Retorts for the manufacture of coal gas cannot 
now be imported from Germany, so that gas engineers 


does 


are compelled to use the home-made products. There is 
much divergence of opinion as to the relative values of 
British and German retorts, and its has not been un- 
usual to find German engineers importing British re- 
torts, while some British engineers have preferred to 
purchase German ones. Here again British manufac- 
turers are trying to meet the demands as far as they 
are able to do so. 

The chief difference between British and German re 
fractory materials may be traced to the difference in 
the ownership and management of the firms. In this 
country refractory materials are chiefly made by men 
who have worked themselves up from a small begin- 
ning—or the descendants of such men—their chief char- 
acteristics being that of a workman whose knowledge 
and experience have been gained almost entirely in the 
workshop, and whose theoretical knowledge—either of 
chemistry, physics, or mechanics—is almost negligible. 
The German manufacturers of refractory materials, on 
the contrary, have almost invariably had a sound train 
ing in chemistry and engineering; they approach the 
manufacture from an entirely different point of view— 
namely, that of the user turned manufacturer. Conse- 
quently they are more impressed with the needs of the 
user, while the British manufacturer is chiefly im- 
pressed with the difficulties of manufacture and the 
limitations imposed by his material. If once this bias 
could be overcome—and the only remedy is the better 
education of the manufacturers—there is no question 
that better refractory goods can be made in Great 
Britain than can be obtained from the Continent for 
the same price. 
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The Educational Scrap Heap and the Blind Alley Job 


A Vitally Important Economie and Social Problem 


Ir there is one word in the English language which 
thoroughly designates the spirit of the modern age it 
is the word eficiency. In manufacturing, in merchan- 
dising, in philanthropy, in church, on the farm, every- 
where we are convinced that preventable waste is a 
thing to be discovered, to be corrected. To many men 
the idea of efficiency is rather indefinite, meaning 
something above the average, but not capable of any 
precise definition. As a matter of fact, efficiency is 
very definite. It is the percentage of useful work or 
effect which is obtained by man or machine in compari- 
son with what may be termed the maximum effect at- 
tainable. Manufacturers are not satisfied with the 
mere entering of raw material into the factory, and 
the finished product leaving by another door. They 
desire to know the amount of waste, and are very un- 
easy if too much raw material is wasted or placed in 
the scrap heap. Waste is repugnant to us to-day. This 
same ery of greater efficiency of the modern time has 
entered our educational system. Citizens and public 
spirited men are criticising our schools through the 
newspapers and magazines. They claim that there is 
great waste in our schools, the essential is neglected, 
and the boys and girls are not properly prepared for life. 
The practical abandonment of the apprenticeship in the 
country, except in a few isolated places like Brown & 
Sharpe Manufacturing Company, is bringing about a 
want of skilled workmen which the modern industrial 
system is failing to supply. On the other hand the 
great number of unskilled workers has increased, and 
all of them have not been able to obtain employment. 
The great industrial demand of the present, and of the 
recent past is making this want felt more and more 
sharply. The whole country in awakening to the neces- 
sities of the case, and demanding a remedy. Organized 
educational forces are moving rapidly in the direction 
of making our school system more practical. 

With the idea of increasing the efficiency of our 
school system in this direction, a commission was ap- 
pointed some six or seven years ago to investigate the 
need of practical education throughout the State of 
Massachusetts. The commission naturally first studied 
the need of industrial education in the great manufac- 
turing centers. In the course of their investigations of 
the condition of the employment of children between 
14 and 16 years of age, they found that nearly five 
sixths of the children in the mills have not graduated 
from the grammar schools, and a very large proportion 
have not completed the seventh grade, while practically 
none had a high school training. To be more specific 
a conservative estimate would be that every year in 
the State of Massachusetts from 20,000 to 30,000 boys 
and girls, on reaching the age of 14, leave the schools 
to go to work. This army is four times as large as 
the group which, at approximately the same age, enters 
the high school. Only one of every six of these chil- 
dren taking up some wage earning occupation has 
reached the eighth year or grade of the elementary 
schools, only one of every four has attained the seventh 
year, only one out of every two the sixth year. The 
record of the number of pupils that enter the high 
school and colleges in Massachusetts is as good propor- 
tionally as any State in the Union. So that above 
figures would be a conservative figure for the rest of 
the country. 

In most States the law compels children to remain 
in school till they are fourteen years of age, and under 
ordinary conditions they should have completed the 
grammar school at the age of fourteen or thereabout. 
The question that comes to one’s mind is, Why has not 
this child completed the grammar school before going 
to work? 

The public school system is divided into divisions 
called grades, based upon the chronologic age of the 
individual. Pupils are graded in a school in order to 
keep as far as possible the mental and physical devel- 
opment equilibrium. A great many children of the 
same chronologic age may be safely placed in the same 
grade in the school, but since individual children differ 
from each other in mental and physical development to 
a marked degree, a wholesale classification has proved 
in many cases to be inadequate. 

The different types of children may be illustrated by 
a straight line, one end of which might be called motor 
minded and the other abstract minded. The motor 
minded or hand mind child is one with a craving for 
achievement, to do and not to study. He has a natural 
dislike for books, and finds it possible to understand 
abstract principles only by having an actual experience 


By L. W. Dooley 


with them. The abstract or book minded child is one 
who has no difficulty in committing to memory abstract 
principles and likes to study books. Between these two 
limits are shades of different types. The average child 
is motor rather than abstract minded. 

The test for promotion in our present school system 
is a literary one. The abstract minded child with his 
quick memory has no difficulty in passing the pro- 
motional tests, while the motor minded child, without 
quick memory, fails of promotion and becomes what 
the teachers call a retarded pupil. A child repeating 
a grade feels that he is a social outcast among the 
pupils and loses interest in school. Then again, a 
child of twelve cannot be expected to be interested in 
the methods of teaching and content of information 
adapted for a child of ten. 

There can be but little question that our school sys- 
tem has lagged behind the development of those forces 
of business organization with which they should be 
clearly articulated. Our school system is only just 
now entering upon the stage of efficiency which indus- 
try has long since considered. Nowadays educational 
experts are beginning to see that the dull pupils can 
be rescued and that stupidity has various causes, a 
great many of which may be cured. In years gone by, 
if a girl or boy did not get on well in school, he or she 
was most likely noted as being just plain stupid, and 
called a dunce, and allowed to drag along until the 
day came, when he or she would leave school. These 
children have been referred to as the scrap heap of 
the public school system. 

Very wide and careful investigations have established 
the fact that a great many parents feel that when their 
children reach the age of fourteen they should go to 
work. The children in a few cases are not obliged to 
leave school because his parents are very financially 
able to keep him in school, but because they (the pa- 
rents) went to work when they reached the age of four- 
teen, and they do not see how a further training in 
the public schools would aid their son or daughter’ in 
direct training for earning capacity. On the other hand 
the vast army go to work for economic reasons. This 
educational scrap heap, designated by our present school 
system as worthless, has great imitative power and 
capacity for mechanical work and experiences no diffi- 
culty in obtaining work at a high initial wage in what 
are called by our social workers “blind alley” or “dead 
end” employment, that is, employment such as messen- 
ger boys, attendants in bowling alleys, doffers in mills, 
attendants in glass factories, etc., in which the experi- 
ence gained under the present industrial and educa- 
tional conditions are said to form no basis for ad- 
vancement into more skilled and better paid work as 
the child grows older. When these young men reach 
the age of eighteen they have passed their usefulness 
in this type of juvenile work, and find there are not 
positions enough for them in other parts of the mill, 
and they leave and form our great unskilled army, and 
fill our public employment offices. There are plenty 
of positions in the metal trade, etc., demanding me- 
chanical experience that these young men might fill 
with profit if they had received a training on some kind 
of a part time basis while they were engaged in highly 
specialized juvenile occupation. 

The problem to-day is how to retain our industrial 
supremacy, our present industrial organization of high- 
ly specialized work, and to develop the whole boy and 
girl so that we may have successful men and women 
with industrial habits to live useful and happy lives. 

This cannot be done by groups of social workers in 
this country attempting to tear down our industrial 
system by forcing unjust legislation on the community 
such as compulsory full time education for children up 
to sixteen years of age or over. Our social and indus- 
trial system is a growth, and we are at the present time 
passing through the transition period of a change in 
our industrial and social system, the like of which 
has never been experienced in any equal space of time 
during the world’s history. All this means readjust- 
ments of our social institutions, particularly the educa- 
tional system. The school and factory must work hand 
in hand. The school must supplement the factory in 
such a way as to overcome the deadening effect of 
highly specialized work, and at the same time give 
a training that will develop the child so that when he 
has passed his usefulness in that juvenile work he may 
have the training and intelligence to enter other lines of 
work. 

Any attempt to degrade our factory system, which 


employs practically two thirds of the children that haye 
left school as soon as the law allows, by saying % 
is ignorance on the part of the parents who allow th. 
child to enter the mill or factory, and that neithe 
power nor advantage is gained by entering the indys 
try at an early age, and the child who does enter ag. 
sociates himself with our most undesirable population” 
is detrimental to the child and organized industry, 

What a terrible indictment to place on our factory 
system. Let us examine it and see whether it is try 
or not. There are certain branches of industry, such as 
textile and glass, etc., requiring low or medium grade 
skill that are absolutely dependent for their operation 
on a supply of labor of boys and girls between the 
ages of fourteen and seventeen. A conservative esti. 
mate based upon reliable information shows that prac. 
tically two thirds of the children that go to work after 
leaving school go to work from the immediate grammar 
grades in the above-named industries. 

The textile industry employs more children at the 
age of fourteen or under than any other industry, and 
consequently is held up to the public as the most flag. 
rant violator of child labor laws. It may be of inter. 
est to study the kind of juvenile work performed in the 
textile (employment) industries. Both boys and girls 
of fourteen or under can readily find employment in 
mills performing simple and easy operations such as 
doffing (replacing full spools on spinning frame with 
empty ones), piecing (placing broken ends of yarn to- 
gether), supplying various adult machine operatives 
with bobbins of yarn, etc. These operations can only 
be performed to great advantage by children under 
seventeen. What they do receive in the line of learning 
is the development of useful industrial habits tha! are 
very valuable during the period of adolescence as they 
remain with the child. 

In all these industries the work is intermittent, that 
is, it is of a character that allows for periods of rest 
and requires the attention of the operators for not 
more than two thirds, or half, the time; therefore, it 
does not require the consecutive labor demanding con- 
centration, and the attention of the children and the 
eare of the machine. Children at this age, between 
fourteen and seventeen, have not the endurance, thiut is, 
the bones have not developed sufficiently to allow con- 
secutive work. To illustrate: the average boy or girl 
of sixteen or seventeen will actually give in work at 
least a half hour a day more than the average child 
of fourteen or younger. The child of the same age, six- 
teen or seventeen, will do at least 5 per cent more work, 
hour for hour, with a correspondingly less amount of 
waste material and damage to finished product. The 
work will also require less supervision, and will be of 
higher grade when finished. 

That is the reason why the other so-called skilled 
trades, such as the higher branches of the metal and 
machine trades, the building trades, and printing trades, 
etc., do not care to receive boys or girls until they are 
seventeen. Girls find opportunities in skilled trades 
as typewriting, stenography, millinery, dressmaking, 
machine operators, and are not wanted until they are 
sixteen or seventeen. The above trades of high grade 
allow for individual action, the pupils have an oppor- 
tunity to study their work and make comparisons be 
tween their past experience and their daily work. It 
also allows for the initiative and independence of the 
pupils and leads to a progressive development from & 
simple process to one requiring a higher degree of skill 
and intelligence. 

Why cannot the factory system provide this training 
in the same way as some of the higher branches of 
the metal trades? Competition will not allow it. Great- 
er changes have taken place in the organization of 
industries in the United States during the last genera- 
tion since the factory system was introduced than dur 
ing any other period in the world’s history. 

No industry shows this development better than the 
textile industry. During the past fifty-four years there 
have been practically no inventions involving new prit- 
ciples of textile machinery, but there has been marvel- 
ous improvement in the efficiency of the machinery. 

In order to reduce our so-called educational scrap 
heap it is necessary to change our school system so that 
it will educate the whole boy and girl of this day. A 
manual training department should be attached to 
every school in this country. Children should be taught 
us soon as they go to school to use their hands, as the 
father and mother did in the rural communities 4 
generation ago. It is very important that they should 
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be taught when they are young. The aim of all this 
will be to make every boy and girl, when they reach the 
age of fourteen, know how to use their hands with 
some degree of skill, to be “handy” in addition to the 
ordinary academic work. For the majority this will 
not necessitate any more hours of work (school). We 
have evidence that by reducing the time allotted to 
academic work and substituting manual work the 
mind wil! be stimulated. In addition, the child will not 
Jeave the school with a feeling of repulsion. 

In order to look after the welfare of the individual 
child it is necessary to know definitely the time he 
should begin to work and the kind of work he is able 
to do. Physicians tell us that the mental and physical 
condition should not be overshadowed by being brought 
into use before the development adapted to such use is 
established ; and on the other hand, that functions, both 
menta! and physical, are weakened by not being brought 
into use when they are ready to be used. 

This means that the mental condition of the child 
shoul! be carefully determined to see whether the child 
shoul! be allowed to work at all. Before this is done 
it is absolutely necessary to know the kind of work 
the boy or girl is to perform. After it is determined 
by tests that he has the mental equipment and the de- 
gree of knowledge necessary to do juvenile work, the 
next problem to be solved is whether his physical con- 
dition is such that this particular kind of work will not 
harm him. Since labor differs in character, occupa- 
tions should be classified and the boy or girl should only 
be allowed to perform the character of work that is 
best .dapted to his physical condition. 

It is evident then, that some additional aid for deter- 
mining the fitness of an individual, either for his school 
or pliysical work, beyond the usual superficial examina- 
tions now conducted for fitness, should be required. A 
very eminent physician of children’s diseases, Dr. 
Thomas M. Rotch, has for some years been making a 
stud: of additional means of determining the relation 
of piysieal fitness to certain degrees of labor and to 
school work. 

The close relation which is known to exist between 
physical growth and the development of the epiphyses 
led him to make some investigation by means of Roent- 
gen ray on the living anatomy of early life during the 
different stages of development. A study of a large 
number of cases showed that under normal conditions 
all the centers of ossification progressed with compara- 
tive regularity, and that the degree of development of 
the wrists and hands represented to a fair degree that 
of the entire body framework. This correspondence of 
the development of the wrists and hands to that of the 
rest of the skeleton is especially fortunate, as it is evi- 
dent that the wrists and hands are the most available 
parts for routine examination in a large number of 
cases. This anatomic relation has been substantiated 
by other physicians of high standing. 

So that a more reliable and very practical method of 
conducting a physical examination may be substituted 
in which results will show whether the child has the 
proper physical development to perform physical work 
of a certain character. This method of physical ex- 
amination is at present conducted by the United States 
Government at their naval academies. 

The children who go to work in the mills leave school 
ait a very tender age, a time when they have little liking 
for school or interest in the subjects they learn there. 
They have received absolutely no industrial training for 
the work they are going to do. The industrial opera- 
tions of mills and shops of to-day are so highly spe- 
cialized that the operators are not obliged to exercise 
any of the training they have received in school. The 
result is that they rapidly lose the habits of thinking 
and the power of initiative, and when they reach the 
age of eighteen, and cannot any longer perform the 
operations of dofling, ete., on account of the stiffness 
of fingers they become dissatisfied and leave the mill 
and form the army of the unskilled. 

Before the advent of the factory system juvenile ap- 
Prenticeship was common on the farm, the household, 
and in the trades. The child was taught the practice 
and theory of his trade. In addition to learning the 
orderly processes of his trade and seeing the necessity 
of continuous effort, he learned the practice of the 
small economies which are the basis of frugality and 
thrift. He learned to fit means to ends and become in- 
genious and inventive. He learned that when many 
Worked together every little helped, and that only by 
Mutual help could the best results be obtained. 

We must act on the principle admitted by everybody 
who knows or cares anything about education, that the 
Way to secure a good training for the mind is not to 
end the school life at the most plastic period, fourteen 
Years of age, or in the case of foreigners, as soon as 
they can pass an examination, but to insist that every 

boy shall spend a certain number of hours a week 
under educational training and sound teaching till he 
Teaches manhood. 


Experience has shown that evening schools do not 
appeal to tired children. Boys between fourteen and 
seventeen have the “gang spirit” in them, and after 
working hard all day they desire companionship of 
their fellow workers on the street corners, or moving 
picture shows. Their eyes, wearied with long labor in 
the day, cannot endure the fatigue of book work by 
night, but they are revived and changed by the splendor 
of gay lights of the theaters and moving pictures. Phy- 
sicians confirm this experience by stating that while 
these children require education, they should not at- 
tend evening schools after working nine or ten hours. 

It may be said, therefore, that while we have built 
up in the industrial centers of the United States at an 
enormous expense a colossal system of education offer- 
ing opportunity for a general education and prepare 
for admission to colleges and higher technical schools, 
we have failed to provide for the greater majority ot 
boys and girls who enter industrial life in juvenile occu- 
pations. That is, a practical relation between industry 
and education for that great mass of pupils who are 
going to work with their hands as soon as the law 
allows. We allow the results of our educational system 
as far as these children are concerned, to be very largely 
wasted and lost. We cease to educate these all im- 
portant years, during which we all know that education 
is most needed and valuable to our working people. 

The German government has solved the educational 
problems in a more satisfactory manner than any other 
country. According to their scheme of education, every 
worker in a profession, trade, or commercial pursuit, 
must not only have a general education, but technical 
preparation for the particular work selected by him. 
In the United States we believe in the same policy, but 
apply it to those entering the profession only, disre- 
garding the great mass—95 per cent—that leave school 
at fourteen. 

Germany, by recent legislation, insists that every 
child be under educational influence till the age of 
eighteen. The child may leave the common school at 
fourteen. He may go to work, to a higher school and 
prepare for college or to a technical school. If he goes 
to work, he must attend classes called continuation 
schools, classes to the extent of eight or nine hours a 
week. In the United States he may leave school at 
fourteen, and is not obliged to attend any other school. 

In order to overcome the educational weakness of 
our present dead end or blind alley occupations, we 
must provide for working youths opportunities on a 
part time system, an education which will meet with 
their interests and tastes, assisting each to become pro- 
ficient in some line of work that he may enter after 
passing his usefulness in the so-called blind alley 
position. 

Experience of educators in this country and abroad 
who have worked in large factory centers agree that 
it is a positive harm to retain the great mass of chil- 
dren between the ages of fourteen to eighteen in a 
school on a full time basis in spite of the many asser- 
tions from social leaders to the contrary. They have 
neither the mental equipment nor the interest to devote 
so much time to academic work. They have descended 
from ancestors that mature early in life and have in- 
tensely practical ideas. 

Therefore, they should receive an education adapted 
to their physical and mental equipment—part time sys- 
tem of education. The educational training on a part 
time basis for boys in the so-called skilled occupations, 
where there are sufficient opportunities for them to re- 
main all their life should be for greater efficiency and 
civic betterment. For the boy in the so-called unskilled 
or factory operations, where there is a lack for further 
advancement there should be a trade training so that he 
may receive during the years from fourteen to eighteen 
the beginning of a skilled trade, so he may be accepted 
into one of the skilled trades as a useful beginner. In 
this way the part time school acts as a port of entry 
from unskilled to skilled trade, and removes the strong 
feeling that exists to-day that our present school is un- 
democratic in that it takes care of 10 per cent in the 
community and ignores the 90 per cent who must work 
largely with their hands. It will meet the great edu- 
cational needs of our splendid industrial system by sup- 
plementing the highly specialized experience with an 
antidote of more general practice and theory. 

For girls in skilled vocations, the training must be 
for greater efficiency—a supplementary trade training 
in case of seasonable employments and a training in 
housekeeping. Since women have more or less to do 
with the home, it is doubtful if there is a more effec- 
tive system of education than housekeeping. It will 
bring both health and happiness to the home. 

The efficient democratic school of the future must 
have a course of study in the elementary schools that 
will be adapted to the aptitudes of the great mass of 
children who are motor minded and must be reached 
through the manual and objective methods of teaching. 
In this way pupils will be attracted to the schools and 


not leave as soon as the law allows. Vocational ad- 
visors should be established to assist and direct chil- 
dren in selecting vocations and while attending com- 
pulsory part time education. Intelligent selection of 
an occupation is the result of intelligent preparation. 
We cannot expect young people to find themselves voca- 
tionally without furnishing them with any raw mate- 
rial for thoughtful selection. Our public school system 
should audit our social accounts and publish the oppor- 
tunities available to young people, that they may choose 
their life work scientifically, and in this way reduce 
our scrap-heap of unskilled labor to a minimum. Blind 
alley jobs will then become ports of entry into more 
skilled and profitable positions. 


Trinitrotoluene in the War 


In a recent article reference was made to the high 
explosives used as bursting charges for shells, the most 
important being the much-discussed trinitrotoluene, used 
largely by the Germans. The following summary, from 
Nature, of an able contribution on the subject, published 
in the St. Thomas's Hospital Gazette for December, will 
prove a useful supplement to the previous article. 

Few people realize the exacting conditions which a 
high explosive for shells must fulfill; these may be sum- 
marized as high bursting power, stability in storage, in- 
sensitiveness to shock on firing from the gun and on im- 
pact of the projectile, where it is desired that penetra- 
tion shall precede bursting. Yet it must be possible to 
cause the material which withstands such drastic treat- 
ment to detonate when required with frightful violence. 
It is a case of reconciling the irreconcilable. Further 
points are safety in handling in the shell factory and the 
suitability for producing maximum density of loading, 
say by some such method as melting and pouring into 
the shell. 

The brisance, or bursting power, is shown to depend 
on the potential energy of the explosive, the velocity of 
detonation, and the degree of concentration (density of 
loading). 

It will be realized that few substances will fulfill such 
conditions, and the number will be still further reduced 
by difficulties and cost of manufacture. The paper 
discusses the four most important explosives which have 
been tried for this purpose, namely picric acid (lyddite), 
trinitrotoluene (TNT), tetranitromethylaniline (tetryl), 
and tetranitraniline. 

The trinitrotoluene is the symmetrical isomer (1 :2 : 
4 :6) melting at 80.6. It is manufactured by dissolving 
orthonitrotoluene in concentrated sulphuric acid, nitrating 
first to the dinitro and finally to the trinitro stage, the 
purification being effected by recrystallization from ethyl 
aleohol containing a little benzine. 

Data are given of comparative trials of TNT and 
picrie acid, both in France and Germany. In velocity 
of detonation and with the lead block test (increase in 
size of cavity on firing a charge) the advantage is with 
lyddite, as the following figures demonstrate: 

Lyddite. TNT. 
Velocity of detonation 7,745 7,140 meters per second. 
Lead block test 228 218 cubic centimeter. 

TNT caused, however, a greater displacement of earth 
than lyddite when fired in a bore-hole 1 meter deep. 

Except in the last instance, picric acid held a decided 
advantage throughout, and the question at once arises: 
Why, then, has trinitrotoluene been adopted by Germany, 
Russia, Italy, and other countries in preference to the 
picrie acid that is still mainly used by us under the name 
of lyddite, and by France under the name of melinite? 
The struggle between the two explosives has been long 
and of doubtful issue, but it has now probably ended in 
the victory of trinitrotoluol. 

In furnishing the answer to this conundrum the writer 
continues: 

We have seen it to be inferior in regard to power, 
velocity of detonation, and density of concentration; its 
advantages lie in its greater insensitiveness to shock, 
its freedom from poisonous dust and fumes, the much 
lower temperature at which it can be poured into shells, 
and its chemical indifference to substances like lead and 
iron which are liable to form dangerous picrates. When 
firing a shell against a ship’s armor, at certain limits 
of the thickness and toughness of the armor-plate and 
of the velocity of the shell’s impact, picrie acid would 
explode when trinitrotoluol would perform its work 
efficiently, and the latter is therefore better adapted to a 
high-velocity shell of large caliber. 

Since TNT contains too small a percentage of oxygen 
for complete combustion, attempts to use it incorporated 
with bodies rich in oxygen, such as potassium chlorate, 
have been tried. The Belgian high explosive, ‘‘ma- 
earite,” is stated to consist of 30 parts of TNT and 70 
parts of lead nitrate. A very high density of loading 
is thus attained, but the velocity of detonation of ma- 
earite is given as only some 4,600 meters a second. 

In concluding his article, the author says that tetrani- 
traniline or tetryl seem to be the only known substances 

that may supersede trinitrotoluol. 
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Gyrostatic Action” 


As Applied to Torpedoes, Submarine Craft and Aeroplanes 


Iv is the object of the present paper to describe a 
number of gyrostatic devices available for controlling 
moving bodies. The gyrostatic motor cars and bicycles 
which are described in this and my previous paper to 
the institution should be regarded merely as a kind of 
by-product; the real object of my work on gyrostatics 
has been directed to the production of gyrostatic con- 
trols for torpedoes, submarine craft, airships and aero- 
planes. The motor cars and bicycles do, however, prove 
conclusively that the principles and methods of opera- 
tion that have been evolved are dynamically correct, 
and that the application of these principles to problems 
of submarine and aerial warfare promises to result in 
the production of machinery of great value. 

In all the cases considered in the present paper the 
stability of the gyrostatic system is derived directly 
or indirectly from the propelling system. Hence these 
cases do not include solutions of the monorail problem ; 
for they have not true stability when they are at rest 
ov moving in the backward direction. The tandem- 
wheeled motor cars to be described, for example, 
although they may be set to run in a perfectly straight 
path, will not balance on a single rail. The devices, 
however, have properties which are not possessed by 
any of the monorail devices so far evolved, and it is 
these very properties which promise to be of value. 


a 
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Fig. 1.—Stilt-top. 


In Fig. 1 is shown a form of stilt top. A gyrostat is 
mounted, as shown in a frame f. The gyrostat is on 
cross bearings carried by f. When f is upright these 
bearings are in a vertical line. The crank c, which is 
rigidly fixed to the frame of the gyrostat, is attached 
to one end of a stretched spring S, the other end of 
which is fastened to a point p in the main frame. If 
the fly-wheel of the gyrostat is set spinning and the top 
placed on a table with the plane of the fly-wheel and 
the main frame f in the same vertical plane, and left 
to itself, it will balance for a considerable time if the 
spin is great. Initially f is in the same plane as the 
spring 8S. The stretching force in the latter, therefore, 
exerts no moment on the gyrostat about the cross bear- 
ings which attach it to f; but as soon as the gyrostat 
precesses on the latter bearings the crank gets out of 
line with the frame, and the spring exerts a moment 
in the direction of the precessional motion. 

The entire top, when vertical, is unstable, without 
rotation of the gyrostat fly-wheel, about the line of 
contact of the feet with the table. Further, in conse- 
quence of the stretched spring, the gyrostat is unstably 
mounted on the frame. Thus the gyrostat is doubly 
unstable without rotation of its fly-wheel. 

The action of the top is as follows. Starting with f 
in a vertical plane containing the crank and spring, 
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suppose it to tilt over on the table. As a consequence 
the gyrostat precesses about the cross bearings, and the 
precession is aided by the spring, with the result that 
the frame erects itself into the vertical. But at the 
instant at which the frame has attained the vertical 
the spring is out of line with the frame, and is exerting 
2 moment on the gyrostat. Under the influence of this 
couple the gyrostat continues to precess about the line 
of contact of the feet with the table; that is, the main 
frame passes beyond the vertical position, after which 
the lateral instability of the entire structure results in 
the establishment of a couple tending to accelerate this 
precessional motion. This couple causes precession 
about the cross bearings, bringing the crank and spring 
into line with f, but when this alignment occurs the 
entire top is inclined from the vertical; and so on. The 
amplitudes of these oscillations continually increase, 
and finally the top falls over. 

Again, suppose that, starting as before with /, and 
the crank in one vertical plane, the crank gets out of 
line with f. As a result the spring exerts a moment on 
the gyrostat, which, in consequence, precesses about the 


Fig. 2.—Stilt-top set up on fork and pedestal 
mounting. 


line of contact of the feet of the top with the table. 
This precessional motion is automatically accelerated, 
and the spring is thrown into line with f, which is now 
inclined from the vertical; and so on. 

It will thus be seen that starting with the main 
frame and the spring contained in one vertical plane 
the top balances; and if the spin is great the balancing 
power is very considerable. But there is not true 
stability; oscillations are set up. The frame oscillates 
to and fro on the legs, the gyrostat oscillates to and 
fro on the bearings which attach it to the frame. If 
the stability were real the top, if started in an inclined 
position, would erect itself into the vertical one with the 
spring in the plane of f. 

It is interesting to consider the action of this top 
from the energy point of view. The entire structure is 
unstable on the legs, and thus possesses a stock of po- 
tential energy. Again, potential energy is stored in the 
spring. Obviously the entire stock of potential energy 
is a maximum when the top is upright with the crank 
in the plane of f. When the frame tilts on the legs, 
and the gyrostat turns on the frame bearings, energy is 
dissipated in friction. Consequently, once the frame 
has become inclined to the vertical, or the crank has 
got out of line with the frame, the system cannot return 
of itself to the position of maximum potential energy, 
that is, to the position in which the crank and frame 
are in one vertical plane. To obtain complete stability 
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Fig. 4.—Action of two-wheeled gyrostatic motor-car. (A) March of vectors following on tilting of 
car toward reader; (B) March of vectors following on displacement of spring from central position. 


it is necessary that the energy dissipated in friction 
should be made good. 

Returning now to Fig. 1, it will be seen that the sti 
top is provided with two projecting pieces bb. So de 
signed it may be set up in a fork and pedestal mounting, 
as shown in Fig. 2. The fly-wheel of the gyrostat is ge 
into rapid rotation, and the arrangement mounted op 
the fork with the frame f and the crank in one vertica} 
plane. The fork is grasped in the hand of the experi. 
menter. Now, suppose the arrangement to tilt on the 
fork bearings b, b, The gyrostat precesses on the 
bearings that carry it on the frame, and immediately q 
couple, due to the spring, tending to accelerate the pre 
cessional motion, comes into existence. At the same 
time the experimenter turns the fork, so as to bring the 
frame into line with the crank. Providing this opera. 
tion is properly carried out the frame is restored to 
the upright position and the crank is in line with it. 
The spring has supplied energy to the frame in restor. 
ing it to the upright position, and the potential energ; 
lost by the spring has been made good by the experi- 
menter. Thus the experimenter, by causing the frame 
to follow up any precessional motion of the gyruostat 
endows the system with complete stability. 

Now, let a weight W be attached to one side of the 
frame. This at once causes precession of the gyrostat 
and the establishment of a couple due to the spring, 


Fig. 3.—Two-wheeled motor-car. 


The experimenter turns the fork so as to bring the 
frame into line with the crank. Here energy is being 
transmitted from the spring to the frame by means of 
the gyrostat, and at the same time energy is being 
supplied to the spring by the experimenter. The frame 
turns on the fork bearings, so as to raise the weight 
against gravity. The precessional motion continues 
until the center of gravity of the entire arrangement is 
vertically above the line of b, b.. The spring is now in 
line with the frame, and consequently its stock of poten- 
tial energy is precisely that which it possessed at the 
start of the experiment. The energy required to raise 
the weight against gravity has been supplied by the 
experimenter. 

Fig. 3 illustrates the application of the principles 
just described to the construction of two-wheeled and 
four-wheeled gyrostatic motor cars. The figure shows 
a car in which the wheels, of which there are two, run 
in tandem. The gyrostat g is mounted on top and 
bottom bearings provided in the main frame F. One of 
the axles which carry the gyrostat is extended, and 
terminates in a bearing for one of the wheels W, of 
the car. The construction is such that this wheel is in 
the plane of the fly-wheel of the gyrostat. The back 
wheel is geared up to driving mechanism. The gyrostat 
is fitted with a crank and spring device, as already 
described. Arrows on the wheels indicate the direction 
of motion of the car. 

Let the fly-wheel be set into rapid rotation, and the 
car placed on the floor with the main frame, the fiy- 
wheel of the gyrostat, the two wheels supporting the 
device, and the crank in one vertical plane. It will be 
clear from what has been said that, if left to itself, 
the car will balance on the wheels, but with the accom- 
paniment of gyrostatic oscillations of continually in- 
creasing amplitude. If it were allowed to remain sta- 
tionary the device would eventualy fall over. But 
when driven in the forward direction it is complctely 
stable. The gyrostat steers the car, and when prece* 
sional motion on the cross bearings takes place this 
results in the main frame F, to which the end of the 
spring remote from the crank is attached, being brought 
into line with the crank. Thus the action is precisely 
that described above for the stilt top when mounted in 
the fork bearing; but the action is now automatic and 
perfect. The stability is complete when the car is 
moving in the forward direction. If a weight is at- 
tached to one side the car banks up, so as to bring the 
center of gravity directly above the line of contact of 
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the wheels with the ground, and thereafter proceeds in 
a straight line path. 

In this device the gyrostat derives the stabilizing 
forces from the spring, and when the stock of potential 
energy possessed by the spring is drawn upon, an equal 
amount of energy is automatically supplied to it by the 
propelling system. The gyrostat thus detects any ten- 
dency to tilt in either direction, calls upon the spring 
to supply the necessary correcting forces, and upon the 
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Fig. 5.—Gyrostatic motor-car fitted with con- 
trolling weights. 


propeller to maintain constant the energy possessed by 
the spring. 

.The gyrostatic action of this device is illustrated 
graphically in Fig. 4. Suppose the car to start perfectly 
balanced and upright. This condition is shown in (1) 
of the diagram (A) of the figure. The arrow at 
the ack of the car shows the direction of motion, and 
the .urved arrow attached to the gyrostat indicates the 
dire tion of rotation of the fly-wheel. The angular 
momentum may be completely represented by a straight 
line drawn out from the fly-wheel toward the reader. 
Thus a, is the spin axis. Now the car is unstable about 
the iine of contact of the wheels with the ground, and 
hen-e, after a short interval, a tendency to tilt in one 
or other direction will assert itself. Suppose that when 
the -ar is in the position (2) there exists a tendency of 
the device to tilt towards the reader. This tilting 
couple is completely represented, according to the usual 
con\ention, by a line a, (the couple axis) of proper 
length drawn as shown in (2) toward the back of the 
car. The gyrostat precesses so that a, turns toward the 
inst.ntaneous position of a,, the crank comes out toward 
the observer, and a couple tending to turn the gyrostat 
counter-clockwise, as viewed from above, is established. 
This couple is represented by a, in (3). The gyro- 
stat now precesses so that a, moves toward the instan- 
tancous position of a, that is, the car erects itself 
agiuinst gravity; it moves away from the reader about 
the line of contact of the wheels with the ground. The 
tilting couple is thus reduced and finally annulled. 
Further, and this is a point of the greatest importance, 
in consequence of the fact that the gyrostat is steering 
the car, which is moving in the forward direction, the 
want of alignment of the crank and car is being re- 
duced. Thus a, and a, diminish together, and the car 
is finally left as in (4) of the top diagram of the figure. 

Now to investigate the annulment of the instability 
introduced by the crank and spring. This will be 
understood from the lower diagram (B) of the figure. 
In (1) the car is shown balanced in the upright position 
with the crank in line with F. Suppose it to get out of 
line with the car without there being any tendency of 
the latter to tilt (this may be due to a jolt). Let the 
displacement of the crank be towards the reader. The 
couple brought into existence by the want of alignment 
is represented by a’, of (2), and the gyrostat turns so 
that a, moves toward the instantaneous position of a’,; 
the car turns over from the upright position (away 
from the reader) and a couple represented by a’, of (3) 
comes into play. The gyrostat now turns on the vertical 
bearings in the direction which results in a, moving 
toward the instantaneous position of a’;—that is, in the 
direction which brings the crank into line with the car. 
The couple due to want of alignment of the crank and 
frame disappears, but the car is left inclined to the 
vertical. This stage is shown in (4). The gyrostat is 
precessing on the vertical bearings, and a couple repre- 
sented by a’, (5) is introduced. The resulting preces- 
sional motion and the forward motion result in a’, and 
a’, going out of existence, as already explained, and 
the device is left as shown in (6). It is now upright, 
with the crank and frame F in line. 

A little consideration will show that the faster the 
car moves the more perfect is the action. As a matter 
of fact, the cars constructed by the author are perfectly 
stable, even when moving very slowly. The action is, 
as already explained, quite automatic. Once the upright 
position is attained it is never departed from, and the 
car moves in a perfectly straight path. The effect of 
applying an impulse to the car tending to upset it is to 
set up vibrations which are quickly wiped out. 

As has already been seen, the effect of attaching a 
weight to one side of F is to cause the car to bank up 
and then pursue a straight path. The properties of the 


device are, however, greatly added to by attaching a 
weight W to the frame of the gyrostat, as shown in 
Fig. 5 (a) and (b). If the gyrostat is spinning in the 
direction in which the wheels of the car rotate, the 
weight should be placed as in (a); if the direction is 
reversed the weight should be as in (b). Consider 


Fig. 6. 


diagram (a). Let a side weight be supposed attached. 
The car banks up against this weight, with the result 
that the line of the frame bearings becomes inclined 
to the vertical. A couple acting against the spring is 
then applied by W. A steady state is soon arrived at, 
in which the couples applied to the gyrostat by the 
spring and by W are equal. The car is not sufficiently 
banked up to account entirely for the side weight, and 
the gyrostat precesses continually. The car moves in a 
cireular path. 

When the side weight is removed the device 
straightens itself out and proceeds in a straight path. 
Attaching the side weight to the other side of the car 
causes the latter to move in a circular path in the 
opposite direction to the former one. 

Fig. 6 is a photograph of an actual working model of 
a two-wheeled car constructed on the above principles. 
In this model the front wheel is the driven one. The 
gyrostat is carried on the main frame on vertical bear- 
ings. It steers the back wheel through a link attach- 
ment, The car is available for demonstrating the prin- 
ciples which have been explained. A much larger 
model, provided with an electro-magnetic steering device 
capable of being actuated by the wireless transmission 
of electrical action, has been constructed. It is housed 
in the Science Museum, South Kensington. 

(To be concluded.) 


The Effects of Bends on Electrical Conductors 

In a short article in the British Westinghouse Gazette 
Mr. P. Jackson discusses the effect of bends and loops on 
the inductance of a conductor. It is frequently stated 
that the leads to and from apparatus—a lightning 
arrester, for example—should be as_ straight as 
possible, because short corners, angles, etc., introduce 
an undesirable amount of inductance. This, Mr. Jack- 
son contends, is not strictly true. The only reason for 
avoiding corners and bends, he points out, is that a 
crooked line cannot be the shortest one between two 
points. In fact, no matter how crooked and intricate 
the path afforded by a conductor, so long as one loop 
does not lie over another its impedance cannot be great- 
er—and is in fact somewhat less—than that of the 
same conductor stretched out straight. Those who have 
been in the habit of looking upon loops and bends ip 


Fig. 1 


conductors as detrimental from the point of view of 
low inductance may feel inclined to reject this state- 
ment; but in support of the argument Mr. Jackson puts 
forward the following illustration. The inductance of 
a single turn of wire in the form of a circle is double 
that of a similar loop of half the diameter. Conse- 
quently for similar loops the inductance is proportional 
to the length of the wire; in other words, the inductance 
is the same per foot of wire. 

If the loop be made very large, then a small section 
of it is approximately a straight line, and its inductance 
may be considered to be equal to that of a straight 
wire. Hence the inductance of a foot of wire carrying 
a given current is the same whether this wire forms 
part of a small loop or a large one or a straight con- 


The diameter. of the wire, however, has an 
effect which has not been considered, and, furthermore, 
the statements do not apply to coils in which there are 


ductor. 


two or more turns. For the statement to be strictly 
true the diameter of the conductor must vary with the 
size of the loop; if not, the inductance increases slightly 
more rapidly than the linear dimensions of the loop. 


Fig. 2 


Neglecting this, however, the statements may be taken 
as correct. Assume that loop B in Fig. 1 has twice 
the linear dimensions of loop A and, of course, an area 
four times as great. Suppose the area of A be divided 
into, say, 1,000 little portions d A and the circumference 
into a smaller number of short arcs da. We can divide 
up the loop B into the same number of portions and dB 
will, of course, have four times the area of dA and db 
will be twice as long as da. Now, db being twice as 
long as da, the magnetic effect of current flowing 
through it at any point will be twice as great. Small 
elements also, like dA and dB, will be magnetically 
affected by da and db inversely as the square of their 
distances from one another. 

In general, since the linear dimensions of B are twice 
those of A, distance FR will be twice as great as distance 
r, and the magnetic effect of a given current in db on 
d B will be one half that of a similar current in da and 
dA. However, the area of dB being four times that of 
dA and its flux density one half as great, it will contain 
twice the flux. There being the same number of ele- 
ments dA and da as there are dB and db, the same 
conditions holds for the whole circles or loops of what- 
ever shape so long as they are’similar. In other words, 
the flux for a given current varies directly with the 
dimensions of similar loops and coils and the induct- 
ance is the same per unit length of conductor. 

Now, suppose that loop B were many times as large 
as loop A so that a length of such conductor equal to 
loop A from p, p would be practically a straight line. 
Neglecting the influence of the size of the wire which 
was referred to above, its inductance would be the 
same as loop A. Thus loop A from p to p has no greater 
inductance than the same conductor stretched out in a 
straight line. In other words, bends, loops, and corners 
are harmful only because they involve more conductor, 
and not because such loops and bends in themselves 
increase the inductance. But this is not the case if one 
loop overlaps the other, as shown on the right of Fig. 1. 
In this case the inductance increases in general as the 
square of the number of turns. Sharp points are bad, 
whether at bends of the conductor or elsewhere, but 
for reasons due to the static rather than the magnetic 
field. The production of magnetic lines around a con- 
ductor or through a coil by magneto-motive force is 
analogous to the flow of current through a resistance 
as the result of an electromotive force. In one case 
the flow of energy is proportional to the value EJ, E 
being the pressure and 7 the current, and in the other 
case the stored energy is proportional to the value H B, 
H being the magneto-motive force and B the flux dens- 
ity. With a given loop or coil, if H be doubled by doub- 
ling the ampéres B will also be doubled, and their prod- 
uct or the stored energy will also be four times as great. 
The same is true if the electromotive force applied to 
a fixed resistance be doubled—the energy input is quad- 
rupled. If a coil of given shape has the number of 
turns doubled the value of H for the same current is 
doubled and the magnetic reluctance remains the same, 
so B is doubled and H B, or the stored energy, is quac- 
rupled. In this case also, as the stored energy per unit 
current is quadrupled, the value of Z or the coefficient 
of self-induction, which is a measure of this value, is 
correspondingly quadrupled. 

This fact that the stored energy is proportional to 
HB develops another fact which is sometimes unsus- 
pected. Take a coil such as that shown in Fig. 2 with 
an iron flux path. If there is no air gap the flux per 
unit current is greatest, but the stored energy for a 
given flux is not. If an air gap @ be introduced the 
value of H must be largely increased on account of 
the reluctance of the air gap. The stored energy HB 
then becomes correspondingly greater. If the coil is 
in a series relation to the circuit it is most effective if 
the air gap @ is just large enough to permit saturation 
of the iron circuit.—The Engineer. 
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The Future of the Police Arm’ 


Considered from an Engineering Standpoint 


Tue author states as his reason for a discussion of 
the problems of police administration at a meeting 
of mechanical engineers that the most neglected field 
of public service in America is the police department. 
There is no part of municipal administration, not itself 
in the engineering category, that more urgently needs 
the aid of engineering methods than does the “police 
arm.” He makes this assertion on two assumptions, 
with which, he says, there may not be general agree- 
ment. The first assumption is expressed in a definition 
of the substance of the “engineering method.” The 
second assumption is expressed in a definition of the 
functions of the police arm. These definitions are as 
follows: 

a. The engineering method consists of applying 
scientifically determined knowledge to the execution 
of a particular problem, and the use of ordered and 
analyzed facts as a basis for formulating conclusions in 
respect of that problem. As a result of the repeated 
application of the engineering method to like or similar 
problems a technique is established for achieving a 
particular object repeatedly, with least waste of energy 
and resource. 

b. The function of the police arm of government is 
to ascertain all the facts regarding the phenomena of 
crime and disorder, and by the use of those facts as a 
basis for action, direct and collateral, to minimize and 
extirpate crime and disorder. 

In respect to the functions of the police arm the author 
says that generally, until now, the functions of the police 
have been assumed to be something as follows: 

a. General enforcement of certain laws and ordi- 
nances. 

b. Enforcement of certain other laws and ordinances 
selectively, according to the feasibility of their enforce- 
ment and the state of public opinion regarding them. 

c. Enforcement of certain other laws and ordinances 
on complaint of persons injured by their infraction, with 
particular respect to the perpetrators of the injury. 

d. Repression or prevention of crime and disorder, 
by the process of tacit intimidation; in other words, the 
brass buttons and swinging night stick. 

e. Physical and militaristic suppression of express 
disorder, such as riots and street brawls. 

f. Investigation of crime committed for the purpose 
of tracing, identifying and apprehending the criminal. 

g- Performance of inspections, regulation of traffic, 
rendering aid to citizens, and miscellaneous other in- 
cidental functions that are committed to the police as 
matters of convenience, and are not generic to the police 
problem. 

The one common ideal of police service that has been 
developed in American cities is that the police must be 
physically well-conditioned and personally honest. This 
is about as far as any American city has gone, with the 
possible exception of Toledo, under the rule of Brand 
Whitlock, and New York city to-day under the adminis- 
tration of Mr. Mitchel and Mr. Woods. 

In the minds of the conventional police, criminals 
divide themselves into four groups: 

a. Aliens, enemies of society violating the rights, 
safety and peace of a community, “to be put away,” 
thus gotten rid of. 

b. Native incorrigibles, endowed with natural per- 
versity, namely, the familiar thug, the gangster, the 
crook. 

c. Fortuitous criminals who become subject to police 
action because of moral lapse or temporary aberration. 

Or as belonging to: 

d. A miscellaneous group including special and in- 
dividual cases too numerous to catalogue, but compre- 
hended generally in 174 items of the standard crime 
classification, as used, for example by the New York 
police. 

There has been no recognition of crimes as the conse- 
quence of remediable social conditions or the effect of 
individual abnormalities, either physical or mental, 
resulting from removable causes. 

There should, however, be a statistical basis for police 
work, as there is a statistical basis for engineering work. 
There is nowhere in the world a collection of social 
data so potentially useful to the development of a com- 
munity as lie in every great municipal police depart- 
ment, in the records of arrests, in the records of crime 
disposition, in the investigation of crimes, in the note- 
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books of policemen and in the memoranda and reports 
of detectives. 

In the report of the New York police department for 
1913, the only reference to these records is found in a 
single sentence under the heading Bureau of Records: 

“During the year 1913 there were received and filed 
in the Bureau of Records a total of 35,013 documents.” 

New York city employs 11,000 policemen who made 
119,736 arrests in 1913. It has a detective bureau of 
150 detectives who investigate 55,000 cases of crime 
a year, but it has not a single employee engaged on an 
analysis of the facts brought into the archives of the 
department in the form of reports on investigations 
and records of arrests. Commissioner Woods is the 
first police commissioner in America, so far as the author 
knew, who has thought it worth while to put in his 
budget a request for statisticians. Next year he will 
have a statistician under the supervision of a deputy 
trained in statistical analysis, who will study current 
police conditions and police work. Not only is he 
taking this step, but he is utilizing every member of 
the force as an agent for gathering social facts respect- 
ing such matters as unemployment, destitution, im- 
proper guardianship, upon which intelligent police work 
must be predicated. 

While it is generally known that economic distress 
and unemployment lead to an increase of small crimes 
against property and the breakdown of natural self- 
control, no American police department has ever an- 
alyzed its records to correlate degrees of unemploy- 
ment with perpetration of crime, and thus furnish the 
basis for police activity with regard to unemployment. 
New York city, however, has had this matter forced 
upon its attention. Conditions of unemployment last 
year furnished the opportunity for anarchistic agita- 
tion, demonstrations of violence, invasions of churches 
and other disorderly practises, on the avowed theory 
that only in this way could the public be brought to 
realize the crucial importance of unemployment con- 
ditions. 

These violent manifestations of disorder, which had 
their relation to conditions of unemployment occurring 
in 1914, make it seem a natural function of the police 
to ascertain the facts regarding conditions of unem- 
ployment in 1915. The police department is the logical 
agency to call the attention of the community and 
other branches of the government to the need for taking 
some constructive steps to mitigate abnormal unemploy- 
ment. 

In New York, one of the principal problems con- 
fronting the police is control of traffic. It was never 
conceived by the builders of modern cities that thor- 
oughfares, intended for residential purposes and often 
crowded with children, would be utilized by high-powered 
motor trucks and automobiles, and that many streets 
designed for local traffic would become the thorough- 
fares of a vast population. As a result of this condition 
there are killed each year in the streets 445 persons. 

It is peculiarly the function of the police depart- 
ment to work out means of preventing this appalling 
condition, because the police department is charged 
with responsibility for regulating traffic. Up to January 
Ist of this year, New York city’s police did not record 
information necessary for an intelligent analysis of the 
conditions surrounding the death of persons in the 
streets, although they are required to report the facts 
regarding each occurrence as a part of the coroner’s in- 
vestigation. 

By focusing the attention of police captains and 
patrolmen on the incongruity of using congested traffic 
streets for play spaces for children, the present police 
commissioner obtained from patrolmen and their officers 
suggestions concerning the use of vacant lots for play 
purposes and for closing to traffic during certain hours 
of the day streets used by children for play. The mere 
fact that the police themselves formulate such sugges- 
tions and assist in putting them into effect, brings about 
a psychological change in the attitude of the policeman 
to his community relationships which is full of the 
greatest possibilities for the development of police service. 
It is merely another illustration of applying the scientific 
or engineering method to a particular problem, instead 
of continuing along from generation to generation with 
fatalistic resignation to whatever may happen. 

The author anticipates possible criticism of his sug- 
gestions that they overlook the necessity for dealing 
with criminals as criminals and maintaining law and 
order by vigorous police action. It is no part of this 
suggestion that law enforcement be relaxed. A senti- 


mental attitude towards breakers of the law and vio. 
lators of the public peace and social rights of the com. 
munity is not advocated. On the contrary, a very 
drastic action is favored regarding them where such 
action does not defeat its own purpose. It is recog. 
nized that the existing product of social environment, 
of disease, of mental degeneracy, of moral perversity, 
cannot be dealt with through eliminating conditions 
which breed them, but have to be dealt with through 
our penal machinery, and will probably sooner or later, 
for the protection of society, become the subject of police 
action. 

A very considerable part of present criminality cap 
be eliminated by intelligent preventive action. This 
preventive action should be initiated, if not actually 
taken by the police. To initiate it intelligently, the 
police must act not on general information or im pres- 
sions, but on carefully gathered data. These data 
will not in every instance point to clear conclusions 
or be capable of definite analysis. The work of cor- 
relating crime to social conditions is practically un- 
tried. If law and-order lie at the basis of industry, if 
social adjustments are essential to economic welfare 
and civic development, then no section of the  om- 
munity can ignore the police problem. It is particularly 
important that engineers who are the expert advisers 
of our industrial and economic life should make their 
special experience available to police administr:tors 
in formulating a method for arriving at the facts under- 
lying the police problem. 

The latter part of the paper deals with police orvan- 
ization. Involved in this are questions of training of 
officers; selection of officers; ratings for efficiency and 
selection for promotion; enforcement of discipline; 
methods of compensation; welfare activities, including 
educational work, medical supervision and provision 
for insurance and pensions. These various questions 
are discussed briefly. The author says further: 

The outstanding fact regarding conventional police 
organization is that it is military, and the outstanding 
fact regarding military organization is that it is not 
intended to accommodate itself to shifting social de- 
velopment, to relate itself intimately to community life, 
to be sympathetic and understanding, or to be flexible. 
Military organization deals with individuals as sub- 
servient members of a group and not as self-governing 
factors co-operating in the execution of an undertaking. 
In police departments it has aimed at the one considera- 
tion everywhere recognized as fundamental in police 
work, namely, personal integrity. The military as- 
sumption of moral and mental dependence of subor- 
dinates on superior officers, has, however, been one of 
the great weakening forces of police work. In the case 
of policemen, personal integrity results from exercise 
of self-restraint in inhibiting an impulse to accept a 
bribe, to connive at a violation of the law, or to practice 
extortion. The faculties needed to resist temptations 
of this character must be developed through a process 
of self-reliance, through a formulated, even though 
rudimentary, philosophy of personal conduct. The 
soldier ceases to be responsible for his moral conduct 
once he places himself under the command of a superior 
officer. This condition, while of course less marked in 
police service than in a purely military organization, 
still prevails to a certain degree, and has been a con- 
spicuous embarrassment to the development of individual 
police initiative in larger American police departments. 
Mr. Woods, New York’s present police commissioner, 
has no military training or sympathies, and is dealing 
with the officers and men of his department on the as- 
sumption that they are self-controlling and self-initiating 
centers of police thought and police work. This method 
is a promising contrast to the policy of the martinct, 
or a policy of easy tolerance, that customarily prevuils 
in police work, and stands out against the old condi- 
tions as strikingly as the modern, enlightened em- 
ployer’s policy in industrial management does agaiust 
the old time shop boss method of dealing with workmen. 

The future development of the police arm, if police 
work is to be constructive and to fulfill its possibilities, 
must be along the lines of the engineering method. 
The police department through its multitude of agents 
is the best equipped of all social agencies for apprehend- 
ing sympathetically and certainly those adverse social 
conditions in the community which can be remedied 
only through community attention. The police depurt- 
ment should be the eyes, ears and feeling fingers of the 
city government. If it finds through its investigation 


and observation that recreation facilities are inadequate, 
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that this bears upon crime conditions and the welfare 
of the city’s youth, those facts should be driven home 
o the educational and recreative departments, and in 
the same way with other conditions. 

The police department of a great city should be the 
nerve center of the city’s government, capable of act- 
ing with vigor when a situation demands vigorous 
treatment, strong to protect the safety of the public 
against disorder and the unruly, informed on conditions 
ghich manufacture crime and criminals, in order that 
these conditions may be remedied where remedies are 
possible ; aggressive instead of defensive, courageous in- 
stead of fatalistic, organized for achievement instead of 
for mere opportunism, militant but not military, except 
in the sense of obedience to necessary rules and respon- 
sive to discipline; free to deal honestly with conditions 
in the light of those conditions instead of in the light of 
statutes written by dead hands; co-operating intelligently 
with charities, corrections, health, hospitals, and edu- 
cational departments. 

To bring these things about the police problem must 
be broken up into its proper functional divisions. Crime 
when perpetrated by professional criminals must be 
dealt with differently from crime committed by those 
yho stray temporarily from the paths of rectitude. There 
should be organized a national service for the detection 
of crin inals and erime prevention along the lines of 


similar service now engaged upon forestalling and de- 
tecting counterfeiters. The voice of the police depart- 
ment must be heard in the courts when punishment is 
meted out to criminals, not because it is the police de- 
partment, but because it is informed and expert on 
questions of penology. 

Above everything else back of police work there 
must be developed a scientific spirit, the true engineer- 
ing spirit; in place of cunning and cudgels there must 
be substituted a policy based upon a knowledge of 
needs, standards of service feasible of attainment and 
organization devices to accomplish them, methods of 
administration and the plant to facilitate their accom- 
plishment, and the genius to capitalize the initiative 
and individuality of every man on the force. 

DISCUSSION. 

Clement J. Driscoll, Bureau of Municipal Research, 
New York city, in a written discussion said that the 
eause for police inefficiency in New York can be found 
in the fact that in 13 years the department has had ten 
police commissioners. Not one of these doubted the 
efficiency of the engineering methods and not one did 
not fully realize before he retired, or was forced to retire, 
from the department that the police problem was such 
that only careful, patient application of scientific me- 
thods would solve it. All of them would say to the 
engineers gathered here that all the methods known to 
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science would be of little value while the control of the 
department was in the hands of the political powers of a 
community. The Panama Canal, one of the supreme 
engineering feats, was made possible only because the 
engineer in charge remained on the job long enough to 
work out the engineering problem. But even Mr. Goeth- 
als would not have mastered the police problem of New 
York by the application of the engineering method 
if he had been subjected to the conditions under which 
all the administrative heads have had to work. No 
matter how determined a police commissioner may be 
to keep his department free from politics, it will be sub- 
jected to a politieal influence so long as he himself is 
subject to arbitrary removal and the mayor of a city is 
held responsible for a police department. 

In summarizing, he urged as the first step toward in- 
creasing the efficiency of the police, the adoption of 
statutes providing for a more permanent tenure of office 
for the administrative head; second, the complete separa- 
tion of the police department from the mayor's office, 
placing the full responsibility for the administration and 
conduct with the police commissioner or administrative 
head, regardless of his title; third, the application of the 
engineering method; and, fourth, the complete abolition 
of the system now in vogue throughout the country of 
adopting policies of law enforcement which will result 
in the enforcement of the statutes as written. 


Theories, and Experiments Conducted in an Endeavor to Solve the Problem 


Arty Mets to explain thunder and lightning have here- 
tfore venerally been based upon a study of electrical 
garks in the laboratory. Although much valuable in- 
formation has been obtained in this manner, we should 
be cautious about assuming that the results deduced 
fom such experiments apply to the gigantic operations 
of nature, as it is easy to overlook factors that occur in 
one case and not in the other. For example, the dis- 
charges oceurring in these laboratory experiments are 
generally oscillatory, and it has commonly been assumed 
that the same was true of lightning discharges. How- 
ever, Dr. B. Walter, of Hamburg, with the aid of his 
rotating camera, has obtained convincing proof that 
lightning is mainly unidirectional. A lightning flash 
begins with a preliminary branching spark that pene- 
trates only a short distance along the ultimate path of 
the discharge; this is followed after a brief interval (of 
the order of 1/100 second) by a somewhat longer dis- 
charge, ete.; until finally a path is built up for a complete 
discharge, which, again, is intermittent in character. 
An even more striking proof of the difference between 
laboratory experiments and actual lightning is seen in 
the fact that the question of protecting buildings from 
lightning still remains unsettled, opinions differing both 
ss to the possibility and method of securing protection. 

In a like manner the conception of thunder as merely 
sreproduction on a large scale of the crackling or detona- 
tion of the sparks used in the laboratory needs to be 
wnfirmed by a study of the natural phenomenon, more 
pecially as very few attempts in this direction have 
hitherto been made. In this study, we may take as 
pint of departure two important facts; viz., the brief 
duration of the phenomenon and the great accumulation 
of energy in a small space that it involves. 

On account of the latter, there is a strong repulsion 
of electrified air-particles of like sign, and therefore a 
sudden increase of pressure in the path of the spark. 
H. Mache and E. Haschek have found a pressure of more 
than 60 atmospheres in the case of a spark 3 millimeters 
long, though this was in part the result of the vaporiza- 
tion of material in the electrodes. A wave, set up by 
this increase in pressure, spreads out in all directions. 
This is not an ordinary sound-wave, as the fluctuations 
if pressure are not small in comparison with the normal 
iessure, but a so-called “‘explosion wave,” such as is 
tbserved in certain rapid and violent chemical reactions. 
Such explosion waves, which we perceive as a “report,” 
read with a velocity that may be much greater than 
tat of ordinary sound-waves, but are transformed into 
the latter as their intensity rapidly diminishes, owing, 
“cording to Tumlirz, to the separation from them and 
lgging behind of secondary waves. Experiments of 
Mache with ‘“‘schlieren” and interference methods in 
‘mnection with electrical sparks show plainly the sudden 
ititial push, a condensation of air, then a longer and 
lebler wave of rarefaction, and finally, in some cases, 
‘tumber of smaller waves. 

To assume that the same conditions apply to thunder, 
‘ognizing merely a greater intensity of the phenomenon, 
Snot admissible without some further investigation, as 
2 this case it is only rarely and under exceptional cir- 

* Abstract translation from Die Naturwissenschaften. 


By Dr. Wilhelm Schmidt 


cumstances that we hear an actual “report,” which is 
the distinguishing mark of an explosion wave. Direct 
investigations of thunder are therefore necessary. 

For this purpose we have used two forms of apparatus; 
one for the analysis of regular sound-waves, and the 
other for that of the longer pressure-waves. The former, 
a modification of Marbe’s apparatus,' records the atmos- 
pheric impulses in the form of fluctuations in the deposit 
of soot from a flame upon a rapidly moving strip of paper. 
The latter registers the displacements of an extremely 
light disk which hangs before an orifice opening into a 
box enclosing a large volume of air; these movements are 
magnified by a suitable mechanism and the apparatus is 
provided with a time-scale. Both instruments were 
kept ready for use, so that registration could begin as 
soon as a thunderstorm occurred. 

The records from these devices showed that regular 
trains of waves of uniform length practically never 
occurred, and hence that the thunder had no proper 
“tone,” but was merely a ‘“‘noise;’’ and the records also 
showed that it was quite similar in character to the 
rattling of window-panes. The irregularity of the waves 
was greatest during the heaviest part of the thunder— 
i. e., at the moment of the “‘clap’’—while toward the end 
of the thunder, in many cases, a certain degree of re- 
gularity was noted. A statistical analysis of the fre- 
quency with which waves of various lengths occurred 
showed a preponderance of those lasting 1/40 second or 
more, and again of those lasting between 1/120 and 1/75 
second (i. e., vibrations of such length that if they had 
oceurred in uniform trains they would have produced the 
tone E, or lower, or again tones between D and A.) 
Shorter waves, most common in music, were much rarer. 

The records of the second piece of apparatus showed 
that the greater number of the longer waves are, in fact, 
so long that they are imperceptible to the ear. Their 
duration was mainly between 1/10 and 1/3 second; in 
one ease the duration was 0.54 second. 

The fluctuations in air-density occurring in connection 
with these waves were far greater than those occurring 
in ordinary sound-waves, or in the more rapid audible 
waves pertaining to thunder. (Vibrations at the rate 
of 20 to the second may be assumed as the lower limit 
of audibility.) Although the lightning was never near 
at hand—the interval between the flash and the beginning 
of thunder being mostly about 5 seconds—the records 
showed pressure fluctuations amounting, as a rule, to 
more than 0.01 millimeter. Hence the greater part of 
the total energy of thunder is represented by these long 
inaudible waves, which must be regarded as the essential 
part of the phenomenon; and thus, strange as the state- 
ment may sound, we may say that one really hears only 
the smallest part of a clap of thunder. Most of the 
phenomenon either escapes our senses altogether, or is 
perceptible only through the vibration of objects around 
us, the rattling of window-panes, ete. In the immediate 
vicinity of the electrical discharge these pressure fluctua- 
tions are, evidently, extremely violent, and a great part 
of the purely mechanical injuries wrought by lightning 
must be ascribed to them. 

‘A substitute for the manometric capsule, described by K. 
Marbe in Phys. Zeit., 7, 1906, p. 543 ffg.—Trane.aror, 


The number of these violent waves is, however, never 
large. In most cases they occur in irregular series of 
three or four in various parts of the thunder. In the 
heaviest thunderclaps, perceptible as such to our senses, 
where the waves have generally traveled only a short 
distance and reach us but little modified, there is usually 
but one violent wave; viz., at the very beginning. Here 
we have complete agreement with what has been said 
above about explosion waves, and from this fact we may 
draw certain conclusions. 

We are to conceive of a “‘shock-wave” (Slosswelle) as 
traveling in all directions from the path of electrical dis- 
charge. The prolongation of the phenomenon depends, 
in the first instance, upon the fact already mentioned 
that the discharge is frequently intermittent, and may 
therefore set up several initial waves, but more especially 
upon the occurrence of shorter, audible waves which 
separate from the initial waves, gradually increasing the 
magnitude and duration of the disturbance at the ex- 
pense of its intensity. The duration is further pro- 
longed by reflection—not so much from clouds and sheets 
of falling rain as from the interfaces between atmospheric 
strata of different temperatures—and especially by the 
action of the wind. The original sharp report is trans- 
formed into a “roll,’”’ or is sometimes divided into two 
or more claps. Irregular short waves, which give the 
rattling noise of nearby thunder, are gradually lost in 
the more regular waves, so that in distant thunder the 
sound may assume a more or less definite pitch. 

Whether the energy of the electrical discharge alone 
is sufficient to produce these phenomena is a question 
that can be answered without difficulty. The energy 
of thunder—as shown by the analysis of our records— 
amounted in a maximum case to 22,000 kilogrammeters, 
and was therefore very great compared with that of 
ordinary sounds. In this case the thunder lasted 13 
seconds, and it would require more than 200,000,000 
buglers, blowing for the same length of time, to produce 
an equivalent amount of energy. Nevertheless this 
amount is insignificant compared with that of a flash of 
lightning, for which we may assume, and not in extreme 
eases, something like 10'° kilogrammeters. In fact, 
only a small part of the energy of lightning is transformed 
into pressure-waves and sound; most of it assumes other 
forms, such as those of heat and light. 

We have still to consider the question of the rolling 
of thunder as related to the length of the lightning-path. 
In connection with the common idea that the sound 
reaches the observer first from the nearest part of the 
path and last from the most distant part, and that the 
duration of the thunder depends upon the resulting in- 
terval of time, the following facts should be borne in 
mind: Assuming, as a first approximation, the case 
of a uniform impulse along a path free from sharp angles, 
we shall have only a single wave, spreading in all direc- 
tions, and the observer will perceive only a single brief 
sound, whose time of occurrence will depend upon his 
distance from the nearest part of the lightning-path. 
This follows directly from the Huyghenian theory of 
wave-motion. Moreover, bends in the lightning-path 
will account only for a limited number of “‘claps,”’ and 
not for the “roll’’ of thunder. 
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